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HE Author of the following Work; 
[ lately deceas'd, is already ſufficiently 
known by a former Piece of his upon 
Meaſuring, which for its Uſefulneſs was re- 
commended to the Publick by the late Reverend 
Dr. John Harris, F. R. S. and has fo well 
pheaſed to the World, as to render a ſecond Edi- 
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This Treatiſe ſeems to be drawn up for the 
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4. 4 


F Triangles there are two kinds, Plain 
and Spherical; either of which conſiſts 
of ſix Parts; namely, Three Sides, and 


as many Angles, as in n the Figure ABC, 
the three Sides are AB, AC and 


CB; and the three Angles are 
ABC, ACB, and BAC. Where 
Note, That if an Angle be ex- 
preſs d by three Letters, the mid- 
dlemoſt Letter reſpecteth the | | 
Angular Point. If I would ex- 
preſs the Angle C, I would fay ACB, or BCA and 
the Angle B is 5 expreſſed by ABC, or CBA. 1 
2. Any two ſides of a Triangle are called the con- 
taining ſides of the Angle contained, or comprehended 
between them, as the ſides AB and AC are the con- 
taining ſides of the Angle BAC. 
3. Every ſide of a Triangle is the ſubtending ſide 
of that Angle which is oppoſite unto it. As in the 
Triangle ABC, the ſide AB ſubtends the Angle ACB,y 
and AC ſubtends the Angle B. Where Note, The 
17 Side always * the greateſt. Angle, 
the 


Y Plain Trigonometry, Part I: 
the leaſt Side the leaſt Angle, and equal Sides ſubtend 


equal Angles. | „ | bY 
4. The Meaſure of an Angle is the Arch of a Cir- 


cle, deſcribed upon the angular Point, and intercepted 


between the two Sides containing the Angle. As in 

the Triangle ABC, the Meaſure of the Angle ABC 

is the Arch OP. | 
F. Every Circle is divided into 360 degrees, and 


every degree into 60 minutes, and every minute 


into 60 ſeconds, &c. which degrees are ſo much the 


greater, by how much the Circle is greater; and the 


Arches which contain the ſame number of Degrees in 
equal Circles are equal, but in unequal Circles they 
are term'd like Arches. As the Arches CF and DE. 


are equal, being equal parts of the ſame Circle. But 


the Arches CF and OP are like Arches; that is, as CF 
contains 40 parts in the great Circle, ſo is OP 40 


parts in the leſſer Circle POG. See the following 
6. A Quadrant (or 


Figure. 


Quarter) of a Circle 
is an Arch of go De- 
grees, as the Qua- 
drant HE. OD 
J. The Comple- 
meat of an Arch leſs 
than a Quadrant, is 
ſo much as the Arch 
wanteth of a Qua- 
drant; as the Com- 
plement of the Arch 
CF 40 Degrees, is the 
| Arch CH 50 Degrees. 
8. The Semi- circle is an Arch of 180 Degrees, 
vi. The Complement of an Arch to a Semi-circle, 
is ſo much as that Arch wants of 180 degrees. As 
the Complement of the Arch DHC 140 degrees, is CF 


40 degrees. | 
I O. The 


ACB. 


Chap. 1. 


Plain Trigonometry. 
10. The oppoſite Angles made by the croſſing of 
two Lines are equal, as the Angle DBE is equal to the 
Angle ABC. 

11. An Angle is either Right or Oblique. 


12. A right Angle is that whoſe Mealure is 90 de- 
grees, as FBH. | 


13. An oblique Angle is either Acute, or Obtuſe. 
14. An acute Angle is that whoſe Meaſure is leſs 
than go degrees; as the Angle ABC, or the Angle 
15, An obtuſe Angle is that whoſe Meaſure is more 
than 90 degrees, as the Angle DBC. 

16. All Angles coming (or meeting) together in 
one point upon a right Line; all of them taken to- 
gether are equal to two right Angles, as the Angles 
DBH, HBC, and CBA meeting all together in the 
point B, upon the Line DF, are equal to two right 


Angles DBH, HBF. 


17. A Triangle hath ſome of its Sides equal, or 
elſe they are all unequal, | 

18, A Triangle of ſome unequal Sides, is either 
Equicrural, or Equilateral. — ; 
19. An Equicrural (called alſo an Iſoſceles) Tri- 
angle, is equiangled at the Baſe. And if a Perpen- 
dicular be let fall from the meeting of the equal Sides, 
it cuts the Baſe and the Angle oppoſite thereunto into 
two equal parts; as in the Equicrural Triangle DLC, 
the Perpendicular DA cuts the Baſe CL into two equal 
parts in A, and alſo biſſeeth the Angle CDL. 

20. An Equilateral Triangle is that whoſe Sides are 
all equal, and whoſe Angles contain each 60 degrees. 

21. A Triangle is Right-angled, or Oblique-angled. 

22. A Right-angled Triangle is that which hath 
one right Angle, as the Triangle CBA Right-angled 
at A, (See the former Figure.) N 

23. An Oblique-angled' Triangle is that Which 
hath all its Angles Oblique, as the Triangle BDC. 


B 2 ; 24. An 
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24. An oblique-angled Triangle is either acute 
angled, or obtuſe angles. 1 74 
25. An acute angled Triangle is that which hath all 
its Angles acute, as the Triangle DES. 

26. An obtuſe angled Triangle is that which hath 
one Angle obtuſe, as the Triangle CDB, obtuſe 
angled at 8. 5 3 3 | * | 
27. All equiangled (or like) Triangles have their 
Sides about the equal Angles proportional, (Excl. 


Lib.6. Pr. 4.) | 
| Let ABC and DEF be 
E two Triangles equiangled, 
ſo as the Angles at Band 
D, at A and E, and alſo at 
C and F, be equal one to ano- 
ther, each to its correſpon- 
dent; then! ſay it will be, 
As AB: BC: : DE: DF. 
As AB: AC:: DE: EF. 
As AC: CB :: EF: DF. 
28. If any one Side of a 
plain Triangle be continued, 
the outward Angle (made by 
that Continuation) is equal 
to the two inward and oppo- 
ſite Angles in the ſame Tri- 
angle, (Eucl. Lib. 1. Pr. 32.) As in the Triangle ABC, 
the Side CB, being continued to D. I ſay, the Angle 
ABD is equal to both the Angles, at A and C. 
29. The three Angles of every plain Triangle, are 
1 bY equal to two right Angles, (Evcl. Lib, 1, 
7. 32.) | | @ 


And from hence will follow theſe Corollaries. 


1. That there can be but one right, or one obtuſe 
Angle in any plain Triangle. 5 


2. And 


Chap. 2. Plain Tyigonometr). 


2. And if one Angle be either right or obtuſe, the 
other two ſhall be acute. | 25 185 
3. That the third Angle of any plain Triangle, is 


the Complement of the other two, to two right 


Angles. | ROI 3 | 
4. That if two Triangles be equiangled in any two 


of their Angles, they are wholly equiangled, 


— — — — — 
* 


CC HAP. II. 


C oncerning Sines, Tangents, and Secants, by which 
the Angles of Right-lined, and Sides and Angles 
of Spherical Triangles, are meaſured. 


1.11 HE Menſuration of Triangles is by knowing 


any three of the ſix Parts (Vide 1. of Chap. 1.) 
whether Sides or Angles, or both, to find out any of 
the other parts of the Triangle whether Sides or 
Angles. e 3 | 

2, And this is performed by the Rule of Proportion 
(commonly, and deſervedly called the Golden Rule of 


Arithmetick) which teacheth of four Numbers pro- 
portioned one to another, any three of them being 


given, to find out the fourth, - 

3. So that for the Meaſuring (which is alſo called 
the Reſolving) of Triangles, there muſt be certain 
Proportions of all the parts of a Triangle one to 
another, and thoſe Proportions explain'd in Numbers. 


But the certain knowledge of the Proportions that 
all the parts of a Triangle have one to another, is 

not yet known; for that every crooked Line in a 
Triangle (as the Meaſures of the Angles in the 
Right-lined, and the Meaſures of Sides and Angles 
in a Spherical Triangle are) muſt be reduced to a 


Right Line, a Proportion for which was never yet 
9 B 3 found: 
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(or Chords) Sines, Tangents, and Secants. 
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found. But crooked Lines are nearly reduced to right 


Lines by the definition of the quantity which right 
Lines applied to a Circle have in reſpect of the Ra- 
dius (or Semidiameter) of the Circle. ä | 
4. Right Lines applied to a Circle are Subtenſ 
5. A Subtenſe (or Chord) is a right Line inſcribed 
in a Circle, dividing the whole Circle into two parts 
and ſo ſubtendeth both the Segments. 
6. A Subtenſe paſſing thro the Center of a Circle, 


_ divides it into two equal parts, and ſubtends both 


Segments or Semicircles z NN this Subtenſe is the 
greateſt, 227 , adh fie u. 
7. A Subtenſe not the greateſt, is that which divi- 


deth the Circle into two unequal parts; and ſo on 


the one ſide ſubtends an Arch leſs than a Semicircle, 
and on the other fide an Arch more than a Semi- 
circle: as in the following Figure, AB paſſetk thro 

. | the Center, and divides 
iT it into two equal parts; 


thro the Center, there- 
fore divides the Circle 
into two unequal parts, 
or Segments, COD the 


leſler. 


right or verſed. 
9. A right Sine is one 
half of the Subtenſe of 
the double Arch : As 
the right Sine of PD, 


or DBQ, is FD, it being the half of CD the Sub- 


tenſe of CPD, equal to twice PD. So the right Sine 
of DB, or DPCA, is the right Line DH, the half of 
the Subtenſe DG. Hence it follows, that the right 
Sine of an Arch, more or leſs than a Quadrant, ons 
1 785 ; leſs 


but CD does not paſs 


greater, and CPD the 


8. A Sine is either 


CW TOS: 


j 


Chap. 2. Plain Trigonometry, * 
leſs than a Semicircle, is one and the ſame. Hence it 
is alſo, that whenſoever the right Sine is called the 


Sine of the Complement, or Coſine, it is underſtood 


only the Sine of the Complement of an Arch leſs than 
a Quadrant : As the right Sine of the Complement 
PD is the right Sine of DB, that is, the Line DH. 

10. Every right Sine is perpendicular to the Dia- 


meter drawn from one extreme of the Arch given; 


as the right Sine FD is perpendicular to PQ, and 


DH is perpendicular to AB. 


11. The rg Sine of the Complement is equal to 
the Segment of the Diameter intercepted betweea the 
right Sine and the Center of the Circle; as the Coſine 
of 4 is the Segment of the Diameter FO, equal to 
H HY : | | 


12. The verſed Sine is the Segment of the Diameter 


intercepted between the right Sine and the Circum- 


ference; as the verſed Sine of the Arch PD is the 
Segment of the Diameter PF. 


13, Of verſed Sines ſome are greater and ſome are 


leſſer. | fo 
14. A greater verſed Sine is the verſed Sine of an 


Arch greater than a Quadrant, and a leſſer verſed 
Sine 1s the verſed Sine of an Arch leſſer than a 
Quadrant. As the verſed Sine of DBQ is FQ, the 


verſed Sine of an Arch greater; and the verſed Sine 
of PD (as before) is PF, the verſed Sine of an Arch 


leſs. 

Is. A Tangent is a right Line drawn perpendicu- 
larly on the extremity of the Diameter of the Circle, 
and paſſing by the other end of the Arch; as BE is 
the Tangent of BL. | 


16. A Secant is a right Line drawn from the Cen- 


ter of the Circle, by the end of the Arch, till it 
meet the Tangent; as the Secant of BL is the right 


Line OE. 
I7. The Tables of Sines, Tangents, and Secants, 


are extended no further than 90 Degrees (or a Qua- 
\ pl G. __ 


Me * = — — —ͤ— _ 
= TT — _ 
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drant.) For the right Sines of Arches more or leſß 
than a Quadrant are the ſame (by the oth above.) 
Note, The Tables of Sines, Tangents, and Secants 
made from the Circle, agreeable to the Lines above 
deſcribed, are to be underſtood of natural Sines, 
Tangents, and Secants; whoſe uſe in the Solution of 
Triangles was per formed by Multiplication and Divi- 
ſion: but the Tables now in uſe (ſometimes called the 
Canon of Triangles) are thoſe which were invented 
by my Lord Neper, Baron of Marthiſton in Scotland, 
about the year 1621. which Canon conſiſts of- Artifi- 
cial or Lozarithmical Sines, and Tangents; and per- 
formeth the ſame by Addition and Subtraction, which 
— natural Canon did by Maltiplication and Divi- 
On. F 0 . . « 4 i 3 . £ ; 
Having given a ſhort Deſcription, or Definition of 
Sines, Tangents, &c. I ſhall here ſhew the Fabrick, 
or Geometrical Conſt ruction of thoſe and other Scales, 
commonly uſed in projecting the Sphere in Plano, and 
in Trigonometry, Navigation, Dialling, and other 
Feen practical Mathematicks, as they are deduced 
rom a Circle. | | - TOY 


=_ 


1. Upon a Sheet of fine Paſtboard, or ſuch like 
Matter, deſcribe a Semicircle of any Radius, as OR 
upon the Center O, and Diameter SV, deſcribe the 
Semicircle SRV, and divide the two . ark ORV, 
and OSR, each into 90 Degrees; and number them 
from 3 d V to R, by 10, 20, 30, Cc. to go, as in 
the Figure. „ de Ec Dt 

2. If you lay a Ruler from 10 in one Quadrant to 
10 in the other, it will cut the Line OR in 10; and be- 
ing laid from 20 to 20, it will cut OR in 20; and ſo 
from 30 and 30, and 40 and 40, &c. till you come to 
90 at R: ſo ſhall OR be a Line of right Sines. 
3. Upon the point S, ere& ST perpendicular to 
SV; then laying a Ruler to the Center O, and to every 
20 degrees in the Quadrant, draw Lines till they cor 


A ae ein . at * — 
f oli ö f | | FE 
2 — ͤ p ˙ L Yn 4 4% 4b 4b 4&0 | 
L L S Mel. rr: OT IT TT TIT ee 
., N « 1 * 999 
0 I. — 2 2 . "Sage 
. Li - 21 * . N : 7 
Wl LA BRNO eee 6 1 1 
> | | 1 5 | 
T 2 = 2 — — 1 _ ” - ; 
INH — 5: CENA: ; 55 = 8 | 
| | ] as RS | | 
la | . : Q 
a | WEE 2 
TN - | * 
Ee * | | 4 
a u r yo ID 53 
I p Ef 
» 4 8 
ve 5 4 | — 
old 2 os | 55 : X 
: a " | _ L T  —_ — —  — q ——————— Us 2 . A - OE 
{ 1 $7441 OY 
ES | U N 
BED | f 5 ii 5 Pm 6 
; 2 1 , Lt 4-418 ”_ 5 
; : ; i Ile f oy | 
' . Z d A ; ou Y . 
ö , 1 7 55 "> ako V 
' N 8 4 4 1 1 * — 
; J ; q of 4 A - T . ER” 3 
* —— 4 \ 2 
5 I * \ * og yy” i SD \ \ Pl 
\ „ : \ N 25 
| f 8 
' 
: 
4 


8 
Py oy 
* 4 
Ts 
Ly bd 4 5 
* . 
= 
= 
* = 
* * 
— 
N. = *., 0 
LY = 
” * 7. 7 
% Sa 4.6 
7 A 2 » 
LALLEE TELE ETETTT F 
2 | * 
| - — 
FP; * » 99.4 : 7 
2 #4 LE 
— A * 
& * 


TY wn wr CER ONE MS. EAPO AM. TEES 


Dt oe Fs 5 eee em ) A A A LE VE e e p ll AE i LEE OE Oe) 


=O rr 
, 


— . ˙ —— 


Chap. 2. Plain Trigonometry. 9 
the Perpendicular, ſo ſhall ST be a Line of Tan- 
ents. : +. 443. CET 8 „ 2s 5 
. 4. Thoſe Lines drawn from the Center to the Tan- 
gent Line are called Secants, which you may transfer 
into the Line RE, by ſetting one foot of the Com- 
paſſes in the Center O; then ſtrike an Arch from the 
Tangents to the Line RE, ſo ſhall RE be a Line of 
Secants. 3 
5. The Line SV (which is equal to twice OR) is 
a Line of verſed Sines, and is no other but the Line 
of right Sines doubled, as you may plainly ſee ; but 
they are numbered from 8 to V by 10, 20, 30, 40, Cc. 
to 180 Degrees. 3 | | 
6. The Line SR is a Line of Chords, the Degrees 
being transferred from the Quadrant by ſetting one 
foot of the Compaſſes in 8, and drawing Arches from 
the Arch of the Quadrant to the ſtreight Line SR. 
7. The Rumb Line is nothing elſe but a Line of 
Chords divided into eight Parts, by allowing 11“ 15 
to each patt. | 
8. There is mention made of half Tangents, (they 
being uſeful in projecting the Sphere in Plano) which 
is nothing but a Line of Tangents double numbred. 
Thus 5 Degrees being numbred with 10, and io with 
20, and 15 with 30, &c. ſo 45 Degrees of the Tan- 
gents is 90 Degrees of Semi-tangents, equal to 90 
Degrees of the Sines, and to 60 Degrees of the Chords. 
Faving thus laid the Foundation, I ſhall next pro- 
ceed to ſhew the Reſolution of all plain or right-NHn'd 
TONY in as plain and familiar a Method as poſſibly 
can, Ci 
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CH AP. II. 


Of the Dimenſions of right angled Plain Triangles. 


VN the Solution of right angled plain Triangles, 
| 1 there are ſeven Caſes, the reſolving of which de- 
pends upon this following 3 | 


AXIOM. 


In every plain right angled Triangle, any of the 
three Sides may be put for Radius; and then will the 
other Sides be as Sines, Tangents, or Secants. 


Thus in the three Triangles ABC. 
1. If you put BC ſubtend- 


dius, the Sides CA, and BA 
including the Right Angle, 
are Sines of the oppoſite Ang- 
les B and C. (by the 4th Def. 
* of Chap. 1. and the ↄth and 
' Toth of Chap. 2.) | 
2. If you put the greater of 
the Sides including the Right 
Angle BA for Radius; then 
the leſſer Side AC will be 
the Tangent of the Angle B. 
(by the 15 Def. of Chap. 2.) 
and the Hypothenuſe BC is 
the Secant of the ſaid Angle 
B, (by the 16 Def. of Chap. 2.) 
3. If you put the leſſer of 
the two Sides including the 
Right Angle CA for Radius; 
the greater Side including the 
Riebt Angle BA is the Tan- 


gent 


ing the Right Angle for Ra- 


Chap. 3. Plain Trigonometry. LL 
gent of the greater acute Angle (by 15 Def. Chap. 2.) 
and the Hypothenuſe BC is the Secant of the ſame (by 
Def. 16. Chap. 2.) | „ 


Now from this. Axiom followeth this Conſectary: 


That in all right angled plain Triangles, the Angles 
being given, the Reaſons of the Sides are alſo given 
three ways. And conſequently, 

If one Side be given, beſides the three Angles, every 
of the other Sides are given by a threefold Proportion, 
according as you put this, that, or the other Side for 
Radius. 8 | 

Theſe things being premiſed, I will now proceed to 
the Solution of the ſeveral Caſes. | | 


CASE I. 

The two acute Angles B and C, and the Baſe B A, 
being given, to find the Perpendicalar C A. 
1. By making the Hypothenuſe BC Radius; 


As s. of the < at the Perpend. 56* 15' 9.9198464 
ls to the Log. of the Baſe AB 121.394 2.0841992 
So is the s. of the << at the Baſe 33* 45* 9.7447399 


„ COT—_—__ Cy 


11.3289382_. 


—— — — 


To the Log. of AC the Perpend. 81.113 1.090918 


And 


12 Plain Trigonometry. Part 1. 
And thus, by adding the ſecond and third Terms in 
the Proportion together, the Sum is 11. 8289382; from 
which ſubtract the firſt Term 9. 9198464, and the 
Remainder is 1. 9090918, the Logarithm of 81.113, 
which is the Perpendicular AC require. 


But where Radius is not in the Proportio (as in 
this Example it is not) it may more readily be done by 


ſet its Arithmetical Complement, that is only@e- write 
down what each Figure wants of 9, thus the Arithme- 
tical Complement of 9.9 198464 (the firſt Term) is 
o. 80 1536, (which is the ſame thing as ſubtracting 
it from 10) then add all the three Terms together, 
the ſum (abating Radius) ſhall anſwer the Queſt ion. 


Let the ſame Example be again repeated. 
As the s. of the C 56 15 Ar. Comp. O. 0801 536 


Is to the Baſe BA 121.394 Log. 2.0841 992 
So s the s. of the <B 33? 450 | 9:7447390 


I come to the Characteriſticks, the ſum is 11; and (be- 
cauſe Radius is 10) I caſt away 10, and ſet down only 
_ ther. | | LOO 
Note, That s. ſtands for Sine; c. s. for Co-ſine; t. 
c. ſe. for Co- ſecant: And / ” ſet over Figures, ſtand 


for degrees, minutes, ſeconds; and S ſtands for 
Angle. A 5 


2. By 


Addition only; for if inſtead of the firſt Term you 


Here I add all the three Terms together, and when - 


for Tangent; c. t. for Co-tangent; ſe, for Secant; 
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2. By making the Baſe AB nn | 


4 
As Radius 4 10. 120 
Is to the Bat e BA 121.394 „ 0841992. 
So is the t. of < B 33 45. 9.82489 26 
To the Perpend. AC 81.113 1. 9090918 
| | | | — = 5 


Here I add the two laſt Terms together, and ont of 
the Sum I mentally ſabtra& 10 for Radius, becauſe 
Radius is in the firſt place. 


3. By making the Perpendicular AC Radius. 
As t. of the 2 at the * C 36 15 10. 1751074 


Is to Radius 45? 10. 
So is the Baſe AB 121.394 228.0841992 
To the Perpendicular AC 8 1. 113 | 1. 9090918 


Here 
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Here I firſt mentally add Radius or 10, to the laſt 
Term, and from the Sum ſubtract the Firſt, the 


Remainder is the Log. of the Anſwer, the ſame as 
before. 


To perform the ſame Inſtrumentally. 
t. By Scale and Compaſſes, Always extend the 


Compaſſes from the firſt Term to the Term that is of 
the ſame kind, whether it be the ſecond, or third; 


that extent will reach from the remaining Term to 
the Anſwer. Thus, in the firſt Proportion, extend 
from 56* 15' to 335 45' in the Line of Sines; that 
extent will reach in the line of Numbers from 121.39 


to 81.11 the Anſwer. In the ſecond Proportion, ex- 


tend from 45? to 33” 45“ in the Line of Tangents; 
that extent will reach from 121.39 to 81.11 in the 
Line of Numbers. In ſome Caſes it may be needful 
to uſe Croſs-work, that is, to extend from the firſt 
Term in the Line of Sines to the ſecond in the Line of 
Numbers, or from the firſt Term in Tangents to the 
ſecond in Numbers, &c. but I think in moſt Caſes it 
is better to work by the DireQions above, except it 
be when the extent is too large for the Compaſſes. 
2. By the Sliding Rule. We will ſuppoſe the Line 


of Sines upon the Rule to be marked with SS, and 
the Line of Sines upon the Slider marked with 8. 


Then the firſt Proportion will be thus work'd, Set 
33? 45 on 8, to 56" 15' on SS; then againſt 121.39 
on A, is 81.11 on B. (A ſignifies the double Line of 


Numbers upon the Rule, and B the donble Numbers 


upon the Slider.) The ſecond Proportion you may 


work thus, Set 337 45“ in the Tangents, to Radius; 


then againſt 121.39 on A, is 81.11 on B. Or if you 
turn the Slider ſo as Tangents and double Numbers 
may flide one by another, then you may ſet Radius 
(viz. 45? of Tangents) to 121.39 in the Line of Num- 
bers; then againſt 33* 45 in Tangents is 81.11 15 the 

„„ Line 


Line of Numbers. The third Proportion you may 
work juſt as you work this laſt. 


To do the ſame Geometrically. 


Draw the Baſe | 


BA, and from a 
Diagonal Scale, 
or Scale of e- 


121.39 with your 
Compaſſes, and 
ſet from B to A, 

Ads PA and upon A raiſe 
33-4 " 27.49 * 5 a Perpendicular; 

B —D A then take 60 de- 

grees from the 

Line of Chords with your Compaſſes, and ſet one Foot 

in B, ſtrike the Arch DE, and from the ſame Line of 

Chords take 33? 45', and ſet from D to E; and draw 

the Line BC till it cut the Perpendicular in C: then 

if you meaſure AC by the ſame Scale you took BA 
from, you will find it $1.11 ; and if you meaſure BC, 

_ 5 find it 146. So will the next Caſe be alſo re- 
Ol ved. ; : | 


qual Parts, take 
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7 * * 5 * p * 
„„ TTC at WE 4% | 
* 8 5 % 0 W x 


The two acute Angles B and C being given, with the 


Baſe BA, to find the Hypothenuſe BC. 
1, By making the Hypothenuſe Radius. 


As s. of the CC 56˙ 155 9.9198464 


Is to the Baſe BA 121.394 2.0841992 


So is Radius 90? | 140 
. | | | — * . 
To the Hy pothenuſe BC 146. 2.1643 528 


£4 
A 


B | 


2, By making the Baſe Radius: 


As Radius IO. % 

To the Baſe BA 121.394. 2.0841992 
So is the ſe. of the < B33* 45 10.0801536 

To the Hypothenuſe BC 145. 2.1643 528 


3: By 


51 
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0 $. By making the Perpendicular Radius. 


As the t. of the æ C 56˙ 15/5 Ar. Com. 0.8243926 


To the Baſe BA 121.394 2.0841992 
So is the ſe. of the C 10. 2552610 
To the Hypoth. BC 146 | 21643528 


Note, The Secant of an Arch or Angle is the Arith- 
metical Complement of the Co- ſine of that Arch, the 


Radius 10. being added: thus the Secant of 56" 15' is 


the Arithmetical Complement of the Sine of 33” 45', 
and the Secant of 33” 45” is the Arithmetical Com- 
1 of the Sine of 56˙ 15“, the Radius being 
added. | iu | 


By Scale and Compaſſes: 
To work the firſt Proportion, extend the Com- 


paſſes from the Sine of 56? 15' to Radius or 905, that 


extent will reach from 121.39 to 146 in the Line of 
Numbers, 


By the Sliding - Rule. 


Set 56? 15/ upon 8, to 90? upon SS; then againſt 
121.39 upon B, is 146 upon A. But if you turn the 
Sider ſo as Sines and double Numbers may flide one 
by another, you may ſet * 15 of Sines to 121.39 
| = C . in 
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13 Plain 7 rigonometry. Part I. 


in the Line of Numbers: then againſt o' of Sines 
you'll have 146 in the Line of Numbers; and you will 
alſo find 33* 45 of Sines to be againſt 81.11 of Num- 
bers. So that you may obſerve, that if 90 of Sines 


be ſer to the greateſt Side or Hypothenuſe, you will 


find every Angle againſt its oppoſite fide. 


* * 4. "I 


— 5 — 
* * 9 


CASE II. 


ITbe two acute Angles Band C, with the Hypothenuſe 


BC, being given, to find the Baſe BA. 


1. By making the Hypothenuſe Radius. 


As Radius 90? 10. 


Is to the Hypothenuſe BC 146 2.1643 528 
So is s. of the E C 5615 988.9198464 
Io the Baſe WC * - 2.0841 992 
"a 


2 


JJ! 


S kw kk 8Þ” 


Pa. 
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a 3 © 

| 2, By making the Baſe Radius. 

Af. of the ZB 39" a5 © 10.0801 536 

| Is to the Hypothenuſe BC 1465 2.1643 528 
So is Radius go? 1 Mena % 

: To the Baſe BA 121,394 185 2.084199 2 

e 


3. By making the Perpendicular Radius. 
As ſe. of the E C 56 al Ar. Com. 9.74473 


Is to the Hypothenuſe 1% * 2noqg309 
So is t. of the =C 56? 15  10.1751074 
To the Baſe BA 121,394 © 2.0841992 
e 
a. 
„ 5 
33 
BAS 4 
By Scale and Compaſſes, 


To work the firſt Proportion. Extend the Com- 
Palles from go? to 56? 15 in the Sines, that extent 
| C2 | will 


* — 
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will reach from 146 co 121. we in the Line of Num - C 
bers. Wa. | 


> i the dn: kli. 


Set 56* 15˙ upon 8, to 90 upon SS; then againſt 
146 _— A, is 121.394 upon B. 


B Geometrical protraction. 


C Draw the Line 

| BC, and from a 

: Scale of equalParts 

take 146, and ſet 

from B to C; and 
upon C, with 60 W 
degrees of Chords, 5 

ſtrike the Arch 

| DE; and Jet 56 

„ 15“ from E to D, 

D and draw CA, and 

from B draw BA perpendicular to AC: then if you 

meaſure BA upon your —_ you will find it to 
contain 121.39. 


0 * 


. 


Do WI 
"CASE 


—— — — ne 
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e A 


The Boſe BA, and Perpendicular C4 ae given, 
| to ; find the two acute Angles B and C. 


. By making the Baſe Radius. 


As the Baſe BA 121. 29s. - ; ̃ 8 
Is to Radius 45* = 
So is the Perpend. AC 81. 113 1 1.90g0918 | 
To the t. of the 4B 335 45 9. 8248926 ; 
Whoſe Complement | is 56 15 the 2 85 
9 
8 


B- 2 4 


2. i making the Perpendicular Radios 


As the Perpend. CA 81. 113 1. 9090918 
Is to Radius 45” IO. | 
So is the Baſe BA 121.394 . - 1 2a$gi90% 
 TobL atthe ß 10.1751074. 
| Whoſe Complement is 33* 45 the E B. 
. 1 
Q | 
„ 
324 


6 15 1 


P! 
1 
a 
5 
1 
: 
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By Scale and Compaſſes, 
To work the firſt Proportion, extend the 2 
from 121.394 (the Baſe) to 81.113 (the Perpend.) in 
the Line of Numbers, that extent will reach from 
45 to 33 45 in the Tangents. For the ſecond Pro- 


Portion, extend from 81.113 to 121.394 in the Line 


of Numbers, that extent will reach from 45" to 56 
15 in the Tangents. | ” 
By the Sliding- Rule. 


Let the Tangents and Numbers ſlide together; 
then ſet 121.394 in the Line of Numbers to 45? of 


Tangents; and againſt 81.113 in the Line of Numbers 


is 33 45 and alſo its Complement 56* 15/ in the Line 

or 3 angents.  — - 1 
This Caſe is perform'd Geometrically, as the ſixth 

Caſe following. 29, 


a 


* * 1 x : 


CASE V. 


The Baſe BA, and the Hypothenuſe BC being given, 


to find the two acute Angles B and C. 
1. By making the Hypothenuſe Radius, 


As the Hypothenuſe BC 146, 2.1643528 | 
Is to Radius go" — 10. FO 
So is the Baſe BA 121.394 2.0841 991 

To the s. of the C 56 1557 9.9198463 


Whoſe Complement 33* 45/ is the EB. . 
| | 55 


. By 
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2. By making the Baſe Radius. 


As the Baſe BA 121.394. | 2.08419 ũ ! 

Is to Radius 90? | 10 

So is the Hypothenuſe 146. 2.1643 528 

To the ſe. of the B 33* 457 10.0801 536 
By Scale and Compaſſes. 


For the firſt Proportion, extend the Compaſſes 
from 146. to 121.394 in the Line of Numbers, that 
extent will reach from go" to. 56 15 in the Sines. 


By the Sliding Rule. 


Set 146 upon A to 121.394 upon B, then againſt 
Radius on SS, is 56" 15“ on 8. 


Zy Geometrical Protraction. 
Draw the Baſe BA, | N 
and from a Scale of 
equal Parts, take 
121.39, and ſet from 
B to A, and upon A 
raiſe the Perpendicu- 
lar AC: then from 
— Scale of e- 
qual Parts take 146, — 
and ſet one — B * "16,05 0 
the Compaſſes in B, with the other croſs the Line AC 
in C, and draw the Line BC. Then with 60? of 
Chords ſtrike the 'Arch DE, then take DE in your 
Compaſſes, and meaſure it in the Line of Chords; and 
you will find it to contain 33* 45', which is the mea- 
lure of the Angle B, whoſe Complement is the Angle C. 


7 


LO CASE 


| 


— — — — 
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CASE VI. 


The Baſe BA, and Perpendicular c A being & given, 


to find the Hypothenuſe BC. 


HIS and the following Caſe do require two 
Operations, the firſt to find the acute Angle, 
and the ſecond (from thence) to find the third Side, 


I. Operation, the Perpend, AC Radius. 


As the Perpend. CA 81.113 1.9090918) _ 1 
Is to the Baſe DA. 121.394 2.0841992 
| Caſeg. Pr.2 


80 is Radius 45 1 
To the Tan -atofthe ang IN | 85 
5 104731074 } 


C 36 15 


> 8.1/3 a 


2. Operation, the Hyporbenuſe BC Radius: 


Is to the Baſe BA 121,394 2.084199 
So is Radius go" 10 


As the 8. of the E C 56? ty i 9198464 
>Caſe A 7 


| To the Hypothenuſe 146 2 2.643528 


7 ._ Bf 


a 
0 
: 
J 
} 
] 
| 

| 


By 


Me 


Extend the Compaſſes from 81.113 to 121.39 in 
the Line of Numbers, that extent will reach from 45 
to 56? 15/ in the Line of Tangents; then extend from 
56 15/ to 90 in the Sines, that extent will reach from 
121.394 to 146, the Hypothenuſe required. 


By the Kiding- Rule. 


Set 81.113 in the Line of Numbers to 45” in the 
Tangents; then againſt 121.59 ih Nuihbers is 56* 15 
in the Tangents; then ſet 56* 15 on 8, to go on S8; 
then againſt 121.39 on Bis 146 on K. | 


By G eometrical Protraftion, 


Draw the Line BA, 
and from a Scale of 
equal Parts take 121. 
394 with your Com- 
paſſes, and ſet from 
B to A, and upon A 
raiſe the pt? rn 
lar AC; and from the BR == — 4 
hr d Oo 
113, and ſet from A to C: then draw the Hypothe- 
nuſe BC, and take BC in your Compaſſes, and mea- 
ſure it upon your Scale, and you will find it 146. If 
you take 60* of Chords in your Compaſſes, and ſet one 
foot in B, and with the other ſtrike the Arch DE, 
then if DE be meaſured in the Scale of Chords, you 
will find it 33” 45, the Angle B, whoſe Complement 
5615 is the Angle C. "Wl; as 


> CASE 
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ii 
The Baſe BA, and the Hypothenuſe BC being given 
1 as 70 find the e "OR : 


1. Operation, Hypothenuſe Radius. 


As the Hypothenuſe BC 149. 21643528 

Is to Radius go” © =. 

So is the Baſe BA 121.394 _ 2.0841992 
Io the Sine of A C 56 ü 9. 9198464 


Whoſc Complement is 13 B 33 45 


C 


. f 

2. Operation, Hy pothenuſe Radius. t 

| | t 

As Radius 90˙ „ 1 i 

Is to the Hypothenuſe BC 146 2.1643528 | 
So is the s. of B 33? 45 9.7447390 
5 — — 

To the Perpendicular AC 81.113 19090918 5 
| | =. | — 2 
This Caſe may be otherwiſe reſolved, thus. x 


Find the ſum and difference of the Baſe, and Hypo- 
thenuſe ; then multiply the Sum and Difference toge- 
ther, and out of the Product extract the ſquare Root, 
and that mall be the Perpendicular. By Logarit hms 

e you 


| 


* 


r 
b | 
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you may add the Logarithms of the ſaid Sum and Diffe- 
rence together, half the Sum thereof ſhall be the Log. 
of the Perpendicular, thus {\ 1 


Hypothenuſe 146 
The Baſe 121.394 


The Sum 267.394 Log- 24271516 


The Difference 24.606 Log. 1.3910308 


Their Sum 3.8181824 


half Sum 1. 9090912 
This is the Log. of S 1. 113 the Perpendicular, which 


is the ſame as be ore. 


By Scale and Compaſſes. 


For the firſt Operation, extend the Compaſſes from 
146, to 121.394 in the Line of Numbers, that extent 


will reach from go? to 56 O13“ in the Sines. Then for 


the ſecond Operation, extend from g0* to 33* 4 in 
the Sines, that extent will reach from x46 to 81.173 
in the Line of Numbers. 12 

y the Sliding- Rule. 


For the firſt, ſet 146 on A to 121.394 on B, then 


againſt go? on SS, you will find 56˙ 15 on S. Then 
for the ſecond, ſet go? on SS to 33? 45 on 8, and a- 


4, 


gainſt 146 on A, is 81,113 on B. 


By Ge omerri cal Protraction. 


Draw the Line BA, and from your Scale take 121. 
3942 and ſet from B to A, and upon A raiſe a Perpen- 


dicular ; 


; | 


E 
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dicular: then from your Scale take 146, and ſet one 
foot of the Compaſſes in B, croſs the Perpendicular 
in C, and meaſure AC upon your Scale, and you will 
find it to be 81.112. | : 


3 


CHAP. IV. 


Of the Dimenſion of Oblique angled Plain Triangles. 


N the Solution of Oblique angled plain Trian ples, 
there are but Five Caſes, the reſolving of which 
depends upon the three following Axioms. The firſt 
of which ſerves for the reſolving of the firſt and ſecond 
Caſes. The ſecond for reſolving the third and fourth 


Caſes. And the third is appropriated only to the 


fifth and laſt Caſe, - 

I ſhall firſt explain and demonſtrate the ſaid Axioms, 
and then proceed to the Reſolution of the Caſes 
thereby. | | | 


AXIOM I. 


In every plain Triangle (as well right as oblique 
angled) the Sides are in proportion one to the other, 
as are the Sines of the Apgles oppoſite to thoſe Sides, 
& contra. . | 


<Þ 
i x | Cone 
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cCinſtructian. Let the Triangle ABC be inſcribed ig 
a Circle, ang rem, . 5. £4: - . 
the Centre D let 
there be drawn the 
ſeveral Radis DE, 
FD, DG, perpen- 
dicular to the re- 
ſpective Sides of 
the Triangle; ſo 
will they biſſeQ as 
well the ſeveral 
Arches AEC, CEB, 
and BGA, as their 
Subtenſes AC, CB, 
and BA: and let 
there be alſo drawn the Radins DC. 


Eo \ 


Ez * 


| Demonſtration. Now becauſe the Angle at the Cen- 
ter EDC, is equal to the Angle in the Periphery ABC; 


and CDF at the Center, equal to CAB (by Eucl.3. 
Lib. 20 Pr.) therefore ſhall the halves of the Sides be 


as Sines: and what proportion the Side CA hath to 
the Side CB, the ſame ſhall the Sine CH have to the 


Sine CK : for what proportion the whole hath to the 


whole, the ſame proportion hath the half to the half, 
which was, Cc. if, at; 12 SEO 


And from this Axiom follow theſe ConſeQaries; 


1. If the Angles of a Triangle be given, the reaſon 
of the Sides is alſo given. And conſequently, 


If one Side be given beſides the Angles, both the 
other Sides are alſo given. 57 a 


2. If two Sides of the Triangle be given, with an 
Angle oppoſite to one of them, the Angle oppoſite to 
the other of them is alſo given. 


CASE 
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CASE I. 


The Angles and one Side being given, to find the 


other two Sides. 


In the Triangle ABC (in the Figure above) there 


are given the Angles CAB 62 3o', and CBA 37 30%, 
and the Side AC 350; and it is required to find the 


As the s. of the < CBA 37® 30“ Ar. Com. o. 2155529 


Is to the Side AC 350 2. 5440680 
So is the s. of the < CAB 62" 30' 9. 9479289 
. To the Side BC 509. 976 


N 
For the Side AB. | 
As the s. of the ic CBA 37 397 Ar. Com. 0.2155529 


Is to the Side'AC 350 2.5440680 
So is the s. of the æ ACB 80 oof 9.993351 
10 the Side AB 566. 203 5 | 2.7529724 


By Scale and Compaſſes. 


For the firſt Proportion, extend the Compaſſes 
from 37? 30' to 622 300 in the Sines ; that extent will 
reach from 350 to 509.976 in the Line of Numbers. 
For the ſecond Proportion, extend from 37" 300 to 
80* oo! in the Sines; that extent will reach from 350 
to 566.203 in the Numbers. 51 


B 


By. the Sliding, Rule, 


For the firſt Proportion : Set 37 300 on Sto 62? 
30 on SS, then againſt 350 on B i is 509. 976 on A. 


for the en Set 3% 30“ on 8 to 80 
on SS z then agai o on B is 566.203 on A. 


By Geometrical Protrafion. 


Draw the Line AC, and from your Scale take 350 
with your Compaſſes, and ſet from A to C; then 
upon A with 60* of Chords ſtrike the Arch Cc, 

and take 62* 3o' from the Line of Chords, and ſet 
from C to c, and Traw the Line AB thro the point c: 
then again with 60? of Chords, one foot of the Com- 
| Paſles in C, ſtrike the Arch A, and take 80? out of 
the Line of Chords, and ſet from A to 4; and thro 
the point a draw CB, which will cot the other Line in 
the point B, the other Angle of the Triangle, And 
if you meaſure the Line AB in your Scale, you will ind 

it Near nad you will bad CB near 310 . | 


' p 
- # 4 J * 
a 
a . N 1 s 
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1 
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Ask 1. 


Two Sides, with an Angle oppoſite to one of them, 
| being given, to find the Angle oppoſite to the 


5 Llet the two Sides 
1 AC e and BC, and the 


— to the Side CB, be 
S SB given, and let the 
Angle B (oppoſite to 


As the Side BC 509. 976 Ar. Com. 7.292450 


ls to the s. A 62? 300 9.9479289 
Ss is the Side AC 350 2. 5440680 
To the s. of the < B 3% 300 9:7844471 


Or if the two Sides AB and BC, and the Angle A 


oppolite to the Side BC, had been given, and the 
Angle C had been required ; then, 


As the Side BC $09.976 Ar. Com. 7.2924502 


Is to the s. < A 62 300 9. 9479289 
So is the Side AB 566.203 2.7529724 
To thes. of the < C 50 en og 
D | "a 


Note, In this Caſe there may a doubt ariſe : for 


if two Sides be given, whereof one of them is 
the greateſt Side, together with the Angle op- 


-, Polite to the leſſer of the two given Sides, and 


the Angle oppoſite to the greater of the given 
| EY 


i * 


295. Angle CAB, oppoſite 


the Side AC) be re- 
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Sides be demanded (as in the laſt Queſtion) it 
will be doubtful whether the Angle found be 
Acute or Obtuſe ; for that the ſame Sine found in 
the Canon doth anſwer to both, ſo it may be 
doubted whether the Angle found in the laſt 
Queſtion was 80 or 100 (v:z. its Complement 
to 180.) Nor can this doubt be cleared better 
than by a true delineation of the Triangle, or 

_ elſe by finding the third Angle. 


By Scale and Compaſſes. 

For the firſt Queſtion, extend the Compaſſes from 
509.976 to 350 in the Line of Numbers; that extent 
will reach from 62? 3& to 37? 30“ in the Line of 
Sines. For the ſecond Queſtion, extend from 509.975 
to 566.203 in the Line of Numbers, that extent will 
reach from 62? zo! to Bo? oo in the Sines. 


For the firſt Queſtion, ſet 509. 97s on A to 350 on 

B, then againſt 62? 30“ on SS, is 37 300 on S. For 

the ſecond Queſtion, ſet 509.976 on B to 566.203 
on A; then againſt 62" 30' on 8, is 807 o on 88. 


? 
? 


ww 


ES 1 FER. Fon GE a 


By Geometrical Protractis. 
Draw the Line AC, and from your Scale take 350, 
2 and ſer from A to C: then with 60? of Chords, ſtrike 
g the Arch Dd, and from the Line of Chords take 62? 
4 30“, and ſet from D to 4, and through the point 4 
draw the Line AB; then take 509.976 from your 
5 Scale of equal Parts, with your Compaſſes, and ſet 
- one foot in C, with the other croſs the Line ABin 
r the point B, and draw CB. Then to meaſure the 
is Angles, with 60 of Chords, ſet one foot of the Com- 
;- paſles in B,> ſtrike the Arch E e, and meaſure Ee in 
d the Line of Chords, which you will find to contain 
Q 37 30“: After the ſame manner you muſt meaſure the 
ys | RF” Angle 


Angle AC B, by meaſuring the Arch Ef in the Line 
of Chords, which you will find to contain 80 o 


1 
A 


AXIOM U. 


In all plain Triangles. As the Sum of the Sides 
comprehending the > for given, is to the Difference 
of the ſame Sides; ſo is the Tangent of the half Sum 
of the oppoſite Angles, to the Tangent of half the 
Difference of the ſaid Angles. 

Now the ſam of the two oppoſite Angles is known, 
being what the given Angle wants of 180˙, and their 
Difference is found by this Axiom. And if you add 
the half Sum and half Difference together, it gives 
you the greater of the two Angles ſought. And if 
the half Difference be ſubtracted from the half Sum, 
there remains the leſſer Angle ſought. 4 


The Demonſtration of this ſecond Axiom is briefly thus, 
I ſay, the ſum of the Legs of any Angle a is to their 
Difference, as the Tangent of half the ſum of their 


oppoſite Angles, is to the Tangent of half their 
Difference. | e 


Let 


4 


C repreſent the 
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Let A, B and Li {3698 


3 pes hb 
three Sides, and Sw 


4 b, Ce. the 1 
three Angles of 
the given Triane- 
gle; produce C, 
one of the given 
Legs of the Angle 
(4), given, till 
a f become equal 
to B, the other 
Leg given; then 
biſſe& bf in e, 
join e f, and biſ- 
ſect c find, and Os | | 
draw 4 d, which will be perpendicular to cf, (by 19 Def. 
Chap. 1.) and draw de, which will be. parallel to c b 
(Eucl. 6 Lib. 2 Pr.) then will the Angle c ad daf, 
that is, to half cf: which external Angle c a f=c +b, 


that is, to the Sum of the oppoſite Angles required. 


Then draw g @ Parallel to cb; ſo will the Angle 
gac be equal to the alternate one c. And if from 
half the ſum of the oppoſite Angles, you take the leſſer 
Angle, that is, if from ca d, you take ga c, there will 


remain the Angle g ad, equal to half the Difference of 
the oppoſite Angles. And ſo alſo, if from be, half 


the Sum of the Legs, you take C, the leſſer Leg, there 


will remain & e equal to half the difference of the Legs. 


And then ſince the Triangle c 4 d is Right-angled, if a d 
be made Radius, d will be the Tangent of the Angle 
cad (i. e. the Tangent of half the ſum of the oppo- 


lite Angles;) and in the little Triangle g 4 d, gd will 
be the Tangent of the Angle g ad (i. e. the Tangent 


of half the difference of the oppoſite Angles) but the 
Segments of the Legs of any Triangle cut by Lines 


parallel to the Baſe being proportional, eb: 4:20 d: 
24: That is in words, half =o ſum of the Legs, _ 


— 


— 
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of the oppoſite Angles is to the Tangent of half their 
Difference. But Wholes are as their Halves: There- 
fore the Sum of the Legs is to their Difference, as 
the Tangent of half the Sum of the oppoſite Angles, 
is to the Tangent of half their Difference. Which 
was, Cc. 


From this Axiom the following Caſes will eaſily 


be ſolved. 


CASE II. 
Two Sides, with the Angle comprehended by them, 
being given, to find the other two Angles. 


C 3 In the Triangle A BC, 
| there is given the Side 

A B 566.203, and the Side 
AC 350, and the Angle 
B comprehended 62230/; the 


* are required. 
A B==566.203 180 og 
 AC==359 -— Subt. 62 30 jo 
The ſum=916.203 Rem. 117 30=Sum 's BandC. 
Differ. =216,203 58 45 half Sum. 5 


As 916.203 the ſum of the Sides Ar. Com. 7. 0380083 | 


Is to 216.203 _ 2 the erp 2.3348617 
So is t. 58? 45 the half Sum of the oppo- 8428 
ſite Angles 3 5 TO BEOS 


To the t. of 21 15/, half the diff. of ww 9.5898138 


oppoſite Angles 


Part J. 
half their Difference, as the Tangent of half the ſum 


Angles ACB and ABC 


40e CÞ Cp CY W 
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If you add 21* 15/ to 58* 45/, the ſum is 80 00, 


the Angle AC B; and if 21* 15' be ſubtracted from 


58? 455 there will remain 37, 30' the Angle AB Co 


* 


CASE IV. 


Two Sides, and the Angle comprehended between 


them, being given, to find the third Side. 


In the Triangle ABC, 
there is given the ſide 
AB 566.203, and BC 
529.976, and the com- 
prehended Angle B 375 
300; to find the third 
ide A C. : 


The ſide A B=566.203 180? o 
The ſide BE= 509.97 37 30 


The Sum = 1076.17 142 30 


Difference = 56.227 1 


As 1076. 179 the Sum of the Sides Ar. Com. 6.968 1154 


g to the Difference 56.227 . | 1.7499449 
ois t. 7115“ half the ſum of the oppo- _—_ 
1 gy os 1 mn 5 r 
0 t. 8˙ 45 half the difference of the 
oppoſite Angles $ N N 


If 8 45/ be added to 71ů +5 the ſum will be 80 O0 


the greater Angle C; and being ſubtracted, the re- 


malnder is 62* 30', the leſſer Angle A. 


D . | Then 


—— — — r 
2 


4. Vs & 
A a >a.” * = T . + 2 
r — . 3 a rr * © * 
e — * SD Oo — t * * . V L * 2 8 ** 1 8 
nt . 8 n 1 * N 2 = * 
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Then by the firſt Caſe of this Chapter. 


oy | ; / 
As 8. 62* 300 the A Ar, Com. o. 0520711 Red 

ls to 509.976 the ſide CB + 27075498 the 
85 is s. 37 30“ the B 9.7844471 


To 350, the fide A C required 2.544060 
3 AXIOM III. 


In all plain Triangles. As the greateſt Side is in 
proportion to the Sum of the other two Sides, ſo is 
the Difference of thoſe Sides, to a Segment, or part of W Caf 
the greateſt Side; which being ſubtracted from the 
greater Side, a Perpendicular ſhall fall in the middle 
of the Remainder. | 

In the Triangle ABC, the greateſt ſide is BC, the 
leaſt fide A C. ” The 
Upon A as a Center, at the diſtance of the ſhorteſt 
fide AC, deſcribe the Circle CDEF, and continue 
the ſide BA to D; ſo ſhall BD be the ſum of the ſides 
BA and AC, for AC and AD are equal, (by 
Conſtruction) and BE is the Difference between the and 
Sides AB and A C, and AC and AE are equal. 
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From hence follows this Demonſtration; | 
As CB is to BD, ſo is EB to BF. Now the 
1 Rectangle of the Means is equal to the Rectangle of 
3 tue Extremes, that is, CB * B F is equal to BDE B. 
1 But the Rectangle of BC in BF is equal to the Rect- 
” angle of BD in EB, (by Eucl. Lib. 3. Pr. 36. Conſedt. 1.) 
0 therefore the Proportion is true. And becauſe the 
Triangle FAC hath the two Legs AF and A C equal 
by Conſtruction, therefore the Perpendicular A 

b biſſe&eth the Baſe F C. (by Def. 19. Chap. 1.) Which 
in Was, Cc. 8 „ 14 
15 By the help of the former Axiom the following 

of W caſe is reſolved. CER SE © 7 HERD 


he 
ll | 
CASE v. 
2 The three Sides of an oblique angled Triangle being 
eſt given, to find the Angles. 


des N the former oblique angled Triangle A BC, let 
(by AB 213.5, AC 107.5, and BC 250.2 be given; 
the and let the Angles be required. 5 Ts 
The fide AB=213.5 

The fide AC=107.5 


Their ſum = 321=BD | 8 


Their Diſſer. io -= BE Then ſay, 


As the greateſt ſide BC 250.2 Ar. Com. 7.017127 
Is to the ſum of the other two 321 BD 2.506 5050 


So is the Niffer, of the other two 106 BE 2.0253059 


To the Difference of the Segments of the . 
Baſe 135. 995 BF | IF 335236 


Then if this Difference 135.995 be ſubtracted from 
the greateſt ſide BC 250-2, there will remaia 114-20 


D 4 — - _ equa 


8 Then, | 
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equal to FC, the half thereof 57.1025 is equal to CG 
the leſſer Segment of the Baſe; and if 57.1025 be 
added to the ſaid Difference 135.995, the Sum is 
193.9975, equal to BG the greater Segment of the 
Baſe. By this means the .oblique angled Triangle is 


reduced into two right angled Triangles, viz. ABG 


and AGC, both right angled at G, in either of which 
there is given the Hypothenuſe and Baſe, ſo that the 
Angles may be found by Caſe V. of right angled plain 
Triangles, thus. er 2 


As the Hypothenuſe AB 213.5 2.3293979 


Is to the Radius 1 8 1 
So Is the Baſe BG 193.0975 | 2.2857762 


a x5 


To the s. of the - BAG 64 44 51“ 9.9563783 


The Complement of 64% 44 51” is 25* 15 og”, 


and ſd much is the Angle ABG. Again, 


As the Hypothenuſe AC 107.5 2.03 14085 
Is to Radius 1 10. | 
So is the Baſe GC 57.1025 | 1.75665 52 


. — —ꝙ—ß· . ͤu.A. .. 


To the s. of the GAC 32”: 5 2 9.725246) 


Whoſe Complement is 57% 54 52”, the Angle ACG: 
If you add the < BAG 64 41' 51”, and the E GAC 


32 5' 8” together, the Sum will be 96* 49' 59”; and 


ſo much 1s the whole < BAC.” | 


— rd "I 


Another way to reſolve this Caſe, and that at one 
SD | Operation. : 


Rom balf the Sum of the Sides, Ow each par- 
Nemainders. 


AS 


— ticular Side, and ſet down the 


ſo 


al 


4 ww e eienr we os 
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As the Rectangle of half the Sam of the Sides, and 


the Difference between that half Sam, and the ige 
oppoſite to the Angle required, | 
Is to the Rectangle of the other two Remainders; 5 
So is the ſquare of Radius, 
To the ſquare of the Tangent of half the Angle 


fought. / 
I hall firſt lay down the Demonſtration of the Axiom, 
and then proceed to explain it by Numbers. 


Demonſtration. In the Triangle BCD, let the Angle 
D be required. 


Firſt, let the Sides BD and DC be produced to F 
and G, "ſo as DF may be equal to half the Sum of the 


Angles at F and G be Right. Upon the Center E de- 


ſcribe the Circle NOR, making RG and NF equal to 


BC: then is DR or DN the Difference between DG the 


R — | | H 
8 7 
DA 8 — : 
8 B F 


half Sum of the Sides, and the fide CB; and the Diffe- 


rence between DG the half Sum, and the ſide DC, is 
the right Line GC or NB; to which let OB be equal, 
and the Difference between DF the half Sum, and the 
Side DB, is the Line BF equal to CO, CR, or BV: and 
the Triangles ENB and BFH are like, becauſe their 
Angles at N and Fare Right; and NBO and OBP are 
equal to two * — NBE and FBH are 1 

ther 


F 4 * 
* 


Sides, DB, DC, and CB, and equal to DG; and let 
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ther equal to balf two Right Angles: Therefore FBH 
and NEB are equal; and NBE is alſo equal to FHB. 
Thea are the Triangles NEB and FBH ſimilar. _ Then, 


By fimil. As } 1 | EN: NB:: BF: FH 
J EN x FH=NBxBFE 
FD: ND::HF: EN 
HF: EN: : HEPxEN :ENq. whoſe 
Hor iS the Radius of the Circle 
N 


ND: Radius:: NE: tD. 


ee GW 
By ſimil. As } 3 
3xEN 5 


5 
2,13, 4 6 | FD: ND :: NBxBF : ENq 
6xND | 7 | FDxND: NDq :: NBxBF : ENq 
Again, | 8 | ND; EN: Radius: t. EDN 
8 _ | NDq : NEq:: Rad. q.: tq. EDN. 
7,9 a FD x ND: NBxBF :: Rad. q : kq. 


[- 1... RON; That is, 


As the Rectangle of FD the half Sum of the Sides, 


and DN the Difference between the half ſpm FD and 
the ſide CB oppoſite to the Angle ſought, 

Is to the Rectangle of BN and FB the Differences of 
the other Sides and half Sum: 

So is the ſquare of Radius, 


To the ſquare of the Tangent of th — EDN, 


or half the Angle GDB, as was to be pr 


And now to En the ſame in Numbers. 


In the Trian- 
le BCD, let the 
ide BD 589, the 

ſide CD 433,and 
the ſide BC 352, 
begiven; to figd 
* the Angle D. 


BD 


„% ard HS os 


Chap. 4- Plain Trigonometry. 1 
'  BD==587| 99, .. Tres: 
CD=433 | 253> The Differences. 
BC==352 1 3349. | 


Sum =1372 


half Sum 686 7 | 
Now ſet down the Arithmetical Complements of 
the Logarithms of the half Sum 686, and of the Diffe- 
rence between the half Sum and the ſide BC, oppoſite 
to the Angle D, viz. 334, and under them the Loga- 
rithms of the other two Differences 253 and 99, half 
eir wu will be the Tangeat of balf the Angle D re- 
uired. _—_ 
The half Sum 686 Ar. Comp. 7.1636 
The Difference of the half 4 er. p 10 
Sum and BC 334 5 9 7. 4762535 


The Difference of the half FCD 253 2.4031 205 | 
Sum and BD 99 1.9956352 


4 » 


Sum 19.038685x 


Half Sum 9.5193425 

Which half Sum of the Logarithms is the Tangent 

XL of 18* 17 44”, the double whereof is 36" 35' 28”, the 
quantity of the Angle D required, 


Again, let the Angle B be required. 


* — Sum -_ : Fg Com. 7.1636759 

: The Difference of the ha | 

| Saum and CD 253. 8 Ar. Com. 7.596875 
The Difference of the half Sum and 555 2 
| —— 


Sum 19.2799371 


) 542/44 + 2+ Pf 
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This half Sum is the Tangent of 23034 $0” 
the double thereof is the B47 o 40 


Let the Angle C be alſo required. 

The Biß Sum n ; 5 Com. 7.16367 59 
The Difference of the hal 

The Difference of the half CDC 253 2.4031205 

Sum and BC 334 2.237465 

Sum 20-0949077 


Half Sum 10.0474538 


This half Sum is the Tangent. of 48? o7' 260% 
the double whereof is the < C req. 96 14 $52 


The Angle B being | 47 09 40 
And the Angle D being 36 35 28 


The ſum is jaſt two right Angles 180 oo oo 


Ton may alſo find an Angle by having the three Sides, by 


| Sines, thus. 
As the Rectangle of the containing Sides or Legs, 
ls to the Square of Radius; 
So is the Rectangle of the Differences of the ſaid 
Legs from the half ſum of the three Sides, 
To the ſquare of the Sine of half the Angle ſought. 


Let the Angle D! ia the foregoing Triangle be required. 


The ſide DC 433 Ar. Com. J.3635121 
The ſide DB 587 Ar. Com. 7.2313619 
The Difference of the half CD 253 244031205 
Sum and | BD 99 1.9956353 
Sum 18. 9936298 


Half sum 28 4968140 
Which hatf Sumi is the Sine of 18 17 44%, the double 


thereof is 36 35 28”, the Angle D, the ſame as before. 
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A Synopſes F the Doctrine of Plain Triangles. 
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Oblique-Angled. 


” 


Caſes | Given [Requir. 


Proportions. 


I. | A&| AB 


as. — 
o 


—_— — „ 


s B: AC :: 8 C : AB, 


— 
oy 
0 
d 
> 


2 
2 
de Y >[ 


FA: CB—AC 2; 
-Y _ iy N 
„„ to | 
which half diff, J abe hom the 


Iv. | cB | AB 


* 


— 


Find the ho An les A and 'Bb th 
laſt Caſe, then by the firſt e yo 


a rt . 


1 n 


— | 


| 1 

| B 
„ & 
C 


BC : "bb 0 2: AB—AC : 25 


BF. Then BC—BF:=FC 
and à FC is CG. 


Thus is the Oblique Angled Tri. 


angle reſolved into 2 Right-ang] 
ones, in either of which the Hy 
thenuſe is known, and alſo the Ba 


ines or Angles, 


| Ee. and — ſignifies Subtraction, or the difference of * 


th. 


Part J. 


JE a half Sum, Genin] ther $ Ange 


fr | 


| In this Synopſis + ſignifies two Lines or Angles added to- 
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And thus have you the ſeven Caſes of Right-ang- 
led, and five of Oblique-angled plain Triangles ſuffi- 
ciently demonſtrated and explained. I ſhall next pro- 
ceed to ſome Problems Trigonometrical. 


* — tt. — 


1 
9 * 


Problems Trigonometrical. 


Problem I. One Side of an Oblique angled plain 
Triangle, the Angle oppoſite to that Side, and 
the Sum of the other two Sides being given; to 
find the other two Sides, and the Angles ſeverally. 


N the Trian- | Er” 
_ gle ABC, let | 1 


the Side BC 532, | „ 7 

and the Sum of Ae / 

the other two So | 
Sides BA and Ac / 


637, and the n= ?!?“! | | 3 
ele BAC 110300 B — — — 
be given. . | 

Extend the Side BA to D, making AD equal to 
AC, and draw the Line DC ; ſo ſhall you have two 
other Oblique angled Triangles BDC and ADC. In 
the Triangle ABC is given the Angle BAC 110? 30, 
and conſequently in the Triangle ACD you have gi- 
ven CAD 69" 30', it being the Complement of the o- 
ther to 180˙ (by Def. 16. Chap. 1.) alſo the Trian- 
gle ADC is Equicrural, by Conſtruction; and there- 
fore the Angles at the Baſe ADC and ACD areequal 
Gy Def. 19. Chap. 1.) viz. each of them is equal to 
half the given Angle 55*15. Now in the Triangle 
BCD there is given, i 


1. BC 


ll; Plain 'T Euer) n. 
1. BC 532 | 
2. BD637 | 
3. The Angle BDC 55? is, | 
From whence you may e the Angle Dce (by 


Caſe 2. Chap. 4.) 


— As the Side BC 532 Ar. Com. 7, 274088, 


To the s. BDC 55* 15 9:-9146852 
So is the Side BD 637 2.8041 394 


To the s. < BCD 100? 19 


From which ſubtract the Angle ACD 55˙ 155 » and 
the Remainder is 45 oꝗ for the < ACB; and the 
Angle ABC is 24" 26, and is found by ſubtraQing 
the Sum of BCD 100 19“ and D 55 15 from 180“ 
Tbe Sides AB and AC may be n thus 5 

Caſe I. Chap. 4.) | | 


gs 130 


As the s. < BAC 110" 30 ? "Ard Lien; 
- 2.7259116 
9.849989 


(or 69' 3&) 
Is to the Side BC 532 
So is s. = ACB 45˙ 04 


To the Side AB 402. 08 
Again, 
As the s. < BAC 110? 30 


Ar. Com. | 0.0284124 


Is to the Side BC 532 | 247239116 
So is the s. < ABC 24? 260 ns 
Io the Side AC 234-93 2. 3709404 


By Scale and Compaſſes 


For the firſt Proportion, extend from $32 to 
637 in the Line of Numbers, that extent will reach 
from 55* 15/ to 79 40“ in the Sines; but becauſe the 
Angle ſought is Obtuſe (as appears by the Figure) 


therefore the — of 79" 40' to 1800 is 100, 
19 


2.043137 


"x 
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19 the Angle required. For the ſecond Proportion, 


extend from 69 30“ (the Complement of 110 30” to 


180®) to 45 o in the Sines, that extent will reach 
from 532 to 492.08, For the third Proportion, ex- 
tend from 697 397 to 24 26“ in the Sines; that extent 
will reach from 532 to 234.93 in the Line of Numbers. 
1 5 © | 3 | By the Sliding- Rule, op 
For the firſt Proportion, ſet 532 on Bto 637 on A, 
then againſt 55* 15/on 8, you will find 79? 4o' on SS. 


For the fecond Proportion, ſet 69? 30“ on 88, to 


45* 0 on S, then againſt 532 on A, is 402.08 on B. 
For the third Proportion, ſet 69* 300 on SS, to 24* 
26" on 8, then againſt 532 on A is 234-93 on B. 


—_ 


2 * 8 1 
SS E FO 


** 
* y EE * 


Problem II. One ſide of an oblique angled Plain 
Triangle, the Angle oppoſite thereto, and the Dif- 
ference. of the other two Sides being given, to fins 
the other Angles, and the two Sides ſeverally. _ 


In the Tri- 
angle ABC, let 
BC 250.2, and 
the Difference 
of the other 
two Sides 106, 
and the Angle 8 | ag 
BAC (oppoſite to BC) 96 500 be given 0" © 

Make AD equal to AC, and draw CD, conſtitu= 
ting the Triangle ACD Equicrural; and the Angle 
DAG being 9650, the Complemeat thereof to 180" 
is 83 100 for the two Angles ADC and ACD; which 
being equal one to the other; therefore each of them 


' 


is half 83* ro', that-is:41* 35“; and by drawing the 


Line CD, there is alſo another Triangle made, where- 
in is piven- the Side BC 250.2, and BD 106 equal — 
1 : 1 the 


. — — . 
— 
= 


1 . 
1 
* 3 1 
1 ; 
N 
4 : 
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* 1 
ET 
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— * ſe > — Chee i og EP . $, Pier 5 — — MP l —_ 
* 3 2 — — —.— . 2 , ä 
— : ; _ . — 5 
2-7; 1 ; py n a — — 
— «why Wn e 88 N * — 
— . EOS run ä * q = —— enn. LING hes — 
4 - vo 


50 Plain Trigonometry. Part l. 
the Difference, of the two Sides: AB and. ACS. and 
there 1s alſo given the Angle BDC 1385 25 equal to 
the Complement of ADC, 41 35% to 1807. From 
theſe things given, you may find the Angles ACB and 
ABC, and alſo the Sides * hank AC, ſeverally,! For, 


115511 
| As the Side BC 2.50.2 "A Com. 7.6017127 


Js to the s. 2 BDC aſe 25“ (or its 
Compl..41; 35 s ws 1 9.821977; 
So is the Side BD LS... : = at, -2,0253059 
To the s. Z BCD 160% 197 52% | | 9-448gg6: 


| To which if ACD 44? 35/ be added, the Sum is 57 
4 52” for the whole Angle ACB.. And if the Angle 

A "he added to. it, and the Sum ſubtracted from 180, 
there will remain 25 15“ 08“ for the Angle ABC. 
Find the yo. ABand AC as in the laſt RY thus. 
As the 8. < BAC _ 50 (ar? 


its Comp. 83 100 Ar. Com. 0.003096) 


Is to the Side BC 250. 2 as ” 2. 3982873 
So is the s. < ACB 575 54 1 9i.9280146 

VE warned r 7 he Rn 
To the Side AB 213.5 7s #4 3293979 

Again, gas 

As the s. of the < BAC 96* 50" Ar. Com. 0.003960 
Is to the Side BC 250.2 2.3982873 
So is the s. < ABC * 158 9668.889247 
To the Side AC 107.5 1 0 


By Seals ant Compaſſes. 


For the-firſt Proportion, extend from 250. 2 to 106 
In che Line of Numbers; ; that extent will reach from 
41 35 to 16* 207 in the Line of Sines. For the ſe- 


cond Proportion, extend from 835 10' to 57 55 d 
6 


Y f 
* +4 am — a oe Gd 1 


pd — fn hk 24 


N af 0.3% et my 


£2: 0 pt 


hos ba” ww ww W'— 


Baſe and Perpendicular, whereby you 


D ire 18! 36”; and becauſe CD is 
CBD alſo 11? 18' 36”; then if 11“ 
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the Sines; that extent will reach from 250.2 to 213.5 


in the Line of Numbers. For the third Proportion, 
extend from 83e 10' to 25%: 15 in the Sines; that 


extent will reach from 250.2 to 107.5 in the Line of 
Numbers. M 


3 By the Sliding- Rule. | 
For the firſt Proportion: Set 250.2 on A to 106 
on B, then againſt 41“ 35“ on SS, is 16? 207 on 8. 
For the ſecond Proportion: Set 837 10“ on SS, to 


57 55 on 8, then againſt 250.2 on A, is 213.5 on B. 
For the third Proportion: Set 83? 100 on SS, to 250 


15“ ons, then againſt 250.2 oa A, is 107.5 on B. 


1 
— 


0 12 — 
4 oY 7 
1 dats. 3 " : I : 
— * 5 2 a N ſo - 4 * on 
— 
1 


Problem III. One ſide of 4 right angled Plain 

Triangle, and the other two Sides in one Sum, 
being gw to find the Angles and the Sides 
ſeverally. 


1 the following Figure let the Baſe AB 40, and 


the Sam of the Perpendicular and Hypothenuſe, 
AD 200, be given, to find the Per- dne 
pendicular AC and Hy pothenuſe BC \* __. 
ſeverally. © 
In the Triangle ABD is given the 


may find the Angles ABD and ADB, 
thus. | 


As the Baſe AB 40 1.6020600 ,, 
To Radius 45 F 10. 8 
So is the Perpendicul 

"AD ee oe: 2. 3010300 


To the t. ABD 78*41' 24“ 10.6989700 


Whoſe Complement is the Angle 


equal to CB, therefore is the Angle 


E 2 


V | 


— 
= —.— 
2 - 7 F 
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| reach from 40. to 96 lathe Line of Numbers. 


r 


* be PS 
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Part 1. 

180% 36% be ſubtracted from the whole u 2 

78* 41' 24”, there will remain the Angle ARC'69* 

22' 48”. Then to find the Sides, ſay, 
As Radius to the Baſe AB 40 77? 
So is the t. ABC 67“ 22/ 48” 


To the Perpendicular AC 96 


Then ſubtract 06 from 200, and there will remain 
104 for the Hypothenuſe CB. 


1. 8020600 
10.3 802083 


1.822683 


By Scale and be 


For the firſt Proportion, extend from 40 to 200 in 
the Line of Numbers, that extent will reach from 
45" to 78 410%. For the ſecond Proportion, extend 
from 45 to 6% 23“ in the Tangents, that extent will 


By the Sliding- Rule. 
For the firſt Proportion, ſer 40 on Bto 200 on A, 


then againſt Rad. on Tangents, is 78” 41”, For the 5 


ſecond Proportion, ſet 677 23 of Tangents to Radius; 
then againf * on : B, is Ld on A. 


Problem 


' poſs, add 


2 © 
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Problem IV. There are two Ports repreſented by 

C und D, which are 20 Miles aſunder; and © 
there are two Ships at Sea repreſented by A and 

B, and each of them makes Obſervation to the 
| ſaid Ports, and finds the Angles CAD G O 
and CAB 24 oO, and the Angles CBD 81* 0 
and DBA 48* 00'. To find the Diſtance of each 
Ship from the Ports, and of the Ships from each 


other, is what is required, 
18 < ABCis 1297, to which add BAC 24, the 
ſam is 153*, whoſe Complemeat to 180? is 275? 
for the < ACB. © | | 

And the < BAD is 86˙, to which add ABD, and 


th#ſum is 134*, whoſe Complement to 180 is 46* 00 
for the < ADB. 0 
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l i rr RR: 
Now becauſe there are not Data ſufficient in any 
one of the Triangles, therefore for the preſent we 
Will ſuppoſe the ſide AB 15. = 
PP! ĩ» . 
As the s. E AC; 27 oo Ar. Com. o. 3429532 
To AB 1 nn nee 
So is thes. ABC 12900 (or its Com. 5 19 9.890502 


To the fide A C 25.6772 | 1-4095470 
| | - 2 2 la 
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, and bh | 
| As the s. < ADB- 46 oof Ar. Com. 0. 7 — | 
Is to the ſide AB 15 1.760912 8 
So is the s. ABD 4.8? oo „„ 8710735 7 
Tothe fide DA 15. 4963) 1. 2901305 | 
In the A Ap (by Caſe 3. Chap. 4). > 
' The ſide AC=29.6792"* 180 \ „ \ 8 
Ihe fide AD=15.49637 62=<CAD ſub. FO 
The Sum 41.17357 118 diff=ADC+ACD | 1 
T he Difference 10.1 808 3 | 3 9 thy half. | | 5 
- s the Sum of the Sides AC Is 
1 „5 8 Ar. Com. 8. 383380 80 
Is to the Difference of the ſame 1.007833 
So is t. of half the oppoſite Angles 59 oO 102212263 Ti 
To the t. of halftheir difference 22" oh ' og” 9:6143910 1 
Which added to the half Sum makes 817 2205“ Is 1 


for the Angle ADC, and ſubtracted from the half 80 
Sum, there remains 365 37 55 for the 9 ACD. 


Then again in the & ACD. 
As the 8. of the ADC 81*22 de: Om, 0.004944 As 


Is to the Side AC 25.6772 : 1.4995470 Is t 
x So i is the s. of the DA C 62? of 1 9.455340 So j 
To the fide CD 2.93133 4. 3604293 To 


But CD the Diſtance of the Ports is but 20 Miles ; ; 


"therefore to find the other Dare truly, you: muſt 
argue thus: 


As 


07 E 
- 
: * 
2 * i 


1s to the ſide AC 22. 39486 


To the ſide BD 18.1425 
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As CD 22.93 133 the aſſum'd ſide Ar. Com: $.6395707 
Is to DC 20 the true ſide 1,3010300 


80 is AC 25-6772 the aſſum'd ſide 85 ; 1. 4095470 
To 40 25 3 9486 che true fide 


| e 
; ln the A ABC. BY I _ 
As the s. of the æ ABC 129 oo' Ar. Com o. 1094974 


 1.3501477 
9.6570468 


—ů——ů— 


So is the s. of the AC B 27 od! 
To the ſide AB 13 6525 


1. 1166919 


In the A ADC. 


As the s. of the DAC 62? oO Ar. com. O. 6 
Is to the ſide CD 20 - I 0540651 


80 is 2 s. of the æ AD 360 37 5 1 


1. 1308310 


| 1 0 fe 10 we A An D 3 | 
As the 8. of the < ABD 48* oo' Ar. Com. o. 1289265 
Is to the fide AD 13.5155 1.13083 10 
80 is the 8. of the BAD 86 v 9. 9989408 


12586983 
In the A B CD. i 
As s. DBC 81? O0 


ls ta the fide CD 20 
So is thes. < BDC 35” 22/ og” 


To the fide CB 11.7208 


$y Ar. Com. o. 0053 801 
| 1.3910300 
— 


1 8 7,0689586 
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[> Problem V. There are three Ports repreſented by 
4A, B, and C, mhich a Ship at D diſcovers, and 
is deſirous to kngy how far ſhe is diſtant from 

each of them; inorder thereunto ſhe makes Obſer- 
vation, and finds the Angle that A and C make 
with D tobe 25 oo, and the Angle that A and 
B make with D to be 197 oo Now between 4 
the middlemoſt, and B the neareſt Port, is 8 Miles; 
between B and C is 12 Miles, and between C and 
A is 7.2 Miles, Now I deſire to know how far 
the Ship at D is diſtant from every one of the 
Ports at A, B, and C. 5 


IRST, draw the Lines DC, DA, and DB, and 
T then through the three Points C, B, and D de- 
ſcribe the Circle, and draw the Lines CE, and BE; 
then will the Angle CBE be equal to the Angle CDE; 
and alſo the Angles ECB and EDB are equal (by Eucl. 
3 Lib. 21. Pr.) Hence all the Angles, and one fide, in 
the oblique angled Triangle ECB, are known ; from 
which the other two ſides may be found, thus: 
180 1.2 9713 © 
EBC 25 55 
ECB= 195 | 


Sum 44 fab. from 180 
CEB= 136 Remains 


To CB 12 1.0791812 
So is s. EBC 25 hat 9.6259483 
7 x $1 - — * 
To CE 7.30059 0.8633 582 


| Again, 


As s. CEB 136" TL 0. 1582287 
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Again, 

As 8s. CEB 136? | ©.1582287 
To CB 12 | |  1.0791812 
So is s. ECB 19 | 9.5126419 


To EB 5.62408 | 0. 7500518 


Next find the three Angles of the Triangle ABC 
(as in Page 42) thus, 


For * Angle ABC 


Fe” | 
Sides 3 8 of Diference 


— — 


Sum 27.2 


1 
1 
> 
I 
1 
TE: 
1 
1 
j : 
| f 
j 
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| Ll 
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The half Sum 13.6 Ar. Com. 8.866461 1 
The Difference of the half | | 


Sum and AC £ Ar. Com. 9,1938220 


The Difference of the half FAB 0.7481880 
Sum and CB o. 204 1200 


— 


The Sum 19.012589 


3 


Tangent of 17 40 19“ 9.506 2945 


ABC 35 34 38 
Subtr. 25 co oOo = EBC 


Rem. 10 34 38=ABE. 


Again for the Angle ACB. 
The half Sum 13.6 Ar. Com. 8. 8664611 


The Difference of the half 1 120 


Sum and AB 
The Difference of the half ſum and 3 CA 0.8061 800 


— — — —ü—ääe— — 


5 22. 91285731 


BC o. 2041 200 


Half Sum 9-$642863 
Which half Sum is the t. of 20 o8/ 13“ 


which double is the <ACB 40 16 26 
Subtr. 1 19 oo o 


Kem. 21 16 26 ACE 


Then in the A AEB find the 's ABB and E45 
(by Caſe 3. Chap. +) | £25 
The ſide AB=8 
The ſide EB = 5.62408 


The Sum = 13.62408 


The Differ. = 2.37592 _ Ihe 


4 


Ist 
$01 
To 


Ast 
Is to 
80 i: 


Tot 


Chap. 5 . ler Trigmomery. . oh 
The. Allie 10" 34 988 | 


The Compl. 169 25 22 22 | 
The Half = 84 42 41 +AEB+EAB 


J As the ſum of the Sides 13. 62408 Ar. Com. 88655929 
To their Difference 2.37592 2 7 
So is the t. of half the Sum of the 5 
oppoſ. 2 5 8 42 41% 110335455 
t. of half their 

Ta 2 ? 62 02 26 | 10.2750703 


The Sum 146 45 ud AEB 


The Diff. 22 40 15=EAB 
From 104? o8“ 56“ CAB 3 
Sub. 22 40 15 =EAB 


—— 


Rem; 81 28 41 CAE 


N en, 
As the s. of the < ADC 25 0o' Ar. Com. o. 3740517 
Is to the ſide AC 7.2 0.8573325 
So is the $. of the < DAC 81“ 28/ 41” 9.9951784 


eels, nes, Hints be Ta 


— —— 


To the ſide CD 16. 84855 1.2265626 
Again in the A ADB. + 

As the s. of the < ADB 190 oO Ar. Com. o. 4873581 

Is to the fide AB 8  ©0.9030900 

So f is the 5, of the 2 DAB 22* 400 15“ 9.589527 


Jo the fide BD 9.471 _ 2 0.9754028 


$63 ah 22% 400 1 DaB 
Add og 00 OO =ADB | 
Sum 41 40 15 


Comp), 38 19 45=ABD, k̃en 
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„ Fay Oe ONE two 
As the s. of the < ADB 19 oo 0.487353: 250 
Is to the fide AB 8 0. 9030900 : 
So is the s. of the < ABD 138* 19/45” 9.822928 
To the ſide AD 16.33698 42131719 1 

3 Hence Font eee 
FE to the Port B is 9.471109, „ Thi 
| "_ —_—_ _ Jto the Port A is 16.33698 85 . 
ThE OMP ar To Cto the Port C is 16.84855 55 Is 


This Problem may be varied, ſo that the Port, or 
Angle A, may be turn d towards D, as in the fol. 
* lowing Scheme. 3 


Let the Sides of 
the Triangle ABC, 
and the Angles at 

D, be the ſame as 
before; and let the 

Diſtances DC, DA, 

and DB,be required, 

The Triangle ECB 
will be the ſame az 
before, and conſe 
quently the Sides 
CE and BB wil 
be the ſame. Alſo 
the Angles of the 
given Triangle ABC 
we will ſuppoſe to be found; the next thing to be 
found will be the Angles AEB and EAB in the Tri- 
angle ABE. 3 

The Angle ABE is known, it being the ſum of the 

| | two 


Y 


chi 5. Plain Trigonometry. „ > 
| two Angles ABC, 35 34 38/7, and CBE (=CDE) 
25 00 viz. 60 34 380 The Side AB==8 
— Ihe Side EB=5.62408 
| Compl. 179 29 23 © Es =» 2 


—— — 


. The Sum 13.62408 | 
The half 59 42 4 ——— 
The Differ. 2.37592 


| Then, As the ſum of the 


er. IJ AY Com. 8.86 56931 


Is to the Diff. ige, ef ico 90.3758318 
50 is the t. of hal the Sum of the op- 
-—Pokite <'s 59 42 410 5 10. er 


To the . of half their Differ 163 37 27 7 47 50479 


which Pein added to 555 42 FILA the ſum will be 
76" 20 o8“ for the Angle AEB; and ſubtracted from 
59% 42 41”, the remainder is 43” 5 14“ for the Angle 
EAB, whoſe Complement to 180 1s 136 54 46”, the 
Angle BAD; to which add ADB 197, and the Sum Is 
de 55 54 46”, whoſe Complement to 1801 is 24 5 14”, 

te Angle ABD. And if EAB 43˙ 5. 14” be ſub- 
1 tracted rom CAB 104 08' 56", there will remain 61“ 
CB 03" 42” for the An * EAC, whoſe Complement to 
a0 is 118? 560 18“ for the Angle CAD. Now having 
le. all theſe Angles, you. may gd the ſides DC, DA, 
and DB, as followeth. 


des 

will | In the ADB. 6 | _ 

io il As the s. < ADB 19% O Ar. Com. o. 4873581 

the to the ſide AB 8 D | 5 a” . 0.9030900 

\BC o is the s. £ BA 136? 54 46” 

o be (or its Com. 430 S 7 hs ES 2. 1 2 $3449 5 
To the ſide BD 16.7857 £42 6 51 536 12249393 


Again, 


1 


: 
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CNT FA) Again, £ e FE. "2 A $1204 ©: n id 
As the s. E ADB 19% oof Ar. Com. 04487358! 1 N 
ls to the ſide AB 8 — — 05030000 — 
So is the s. of the < ABD 24 05 14. 916107952 i 
To the ſide DA 10.0286 ' 14 £4. 62 UndboiL1;; by - 
In the A A CD. WE 
As the s. < ADC 25 o Ar. Com. 0.374051 : 8 
s to the Side AC 7.2 114 0.8573325 * 
Zo is the s. of the <CAD 118? 56' 18“ 8 e ae 
| : : ( or 615 03 42") tine $917 140 | 9-942 7 
1 % 7 1 5 24 A — 5 
| To the Side DC 14.9999 10.173462 1 
| 1 „ e JJ 3101.19 HOG: | 5 
Thus have you the three Diſtances DB 16. 785%, =_ 
DA 10.0286, and DC 14. 90 9 7 120 Nl 18 Tha 
wh SAD — 8 ai e 5 — that 
The DOC T RINE Of hey 
| Spher ical Ii iangles. ; angel 
7 ee is; th 
CH AT. M rnd be th 
8 of the 
Of ſuch Aſfections, Definitions, and Theorems, as «gil (ee D 
moſt neceſſary for the right underitanding of il NR 
| | : a 
1 1 8 and Dimenſions of Spherical Tante 1 3 
I. HE three Sides of every Spherical Triang| ys 
| are the Arches of three Great Circles of tl n 21 
Sphere, every one of them being leſs than a Semi - circe ng 8 


or conſiſting of fewer Degrees than 180, which is tl 
meaſure of a Semi-circle (by 8 Def, of Chap. 1.) 


. - 
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2. A Great Circle of the Sphere is ſuch a one as di- 

videth the whole Sphere or Globe into two equal 

parts or Hemiſpheres, and ſo is every where diſtant 
| from the Poles thereof go degrees. anion 
3. If one Great Circle of the Sphere do paſs: thro 
the Poles of another Great Circle, thoſe two Great 
Circles interſect each other at Right Angles z' and 
the contrarye. o, ao nad 193 
4. The Meaſure of a Spherical Angle is the Arch of 
a Great Circle deſcribed from the Angle, and inter- 
cepted between the two Sides, they being continued 
out till they be Quadrants. 9 | I 


In the Spherical Triangle ABC (in the following 
Scheme) the meaſare of the Spherical Angle at A is 
not the Arch BC, but the Arch ED intercepted be- 
tween the\two'Sides AB and AC, continued till they 
be Quadyants, & <3 5: 1 
that is, to the A —— 

Points D and E, 
becauſe the Arch 
BC is not de- 
ſcribed upon the 
angular point A, 
but the Arch ED 
is; therefore the 
Arch BC cannot 
be the meaſure 
of the Angle A, 
(ſee Def. 4. Ch. 17 

5. The Sides 2 
of a Spherical 
Triangle being 


continued till they meet together, do make two Se- 
mi. circles, and at their inter ſection do comprehend au 
Angle equal and oppoſite to the firſt Angle. 


bos 
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Thus in the Triangle ABC, the Sides AB and BC be- | 
ing continued till they meet in Q, do thereby con- th 
ſtitute the other Triangle ACQ, which may be called 
ſupplemental to the Triangle ABC ; for not only the 
Angle at Q is equal to its oppoſite at B, but alſo the 
other Sides and Angles are Complements of the Sides 
and Angles in the given Triangle ABC: for the Side 
CQ is the Complement of CB to a Semicircle; and 
the Angle ACQ is the Complement of ACB to a 
Semicircle, and ſo of the reſt, (ſee Def.16. Chap. 1.) 

6. The Sides of a Spherical Triangle may be changed 
into Angles, and the contrary z the Complement of 
the greateſt Side or greateſt Angle to a Semi-circle 
being taken for the greateſt Side or greateſt Angle. 

As in the Triangle ABC, obtuſe angled at B, let 
DE be the meaſure of the Angle at A, and let FG he 
the meaſure of the acute Angle at B, (being the Com- 
plement of the obtuſe Angle at B) and let HI be the 
meaſure of the Angle at C. Now 


KL . 
LM & is equal to 1 8 becauſe JG 8 and 3550 5 
[ Kl MH 


KM H 
| LD 
are Quadrants, and the common Complement is 313 


therefore the ſides of the Triangle KLM are equal to 
the Angles of the Triangle ABC, taking for th 
greateſt Angle ABC, the Complement thereof FBG. | 
It may alſo be demonſtrated, That the Sides of the 
Triangle ABC are equal to the Angles of the Tri- 
angle KLM (by the Converſe of the former.) For 


AB OP the meaſure cMLK 

The Side JBC £ is equal to Jon of the An- Fat 

CAC DI > gle DEL 
which is the Complemeat of the Angle MKL. 

For that AD) FCI Fare Quadrants, and CCD 
5 AP © and 3058 their common Com- 540 
BE - re "OF 

| There- 
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Therefore the Sides may be turn'd into Angles, and 
the contrary 3 which was to be proved. N 

5j. RE * | 
| angled ſpherical 
Triangle hath 
one right Angle, 
| or more than 4 | 

one. 5 
gure annexed, 
ſuppoſing the 
Angles BAC, : 
and BDC to be right Angles 3 LY | 

CBAC One right and two acute. 
Mr, 55 DCE hath the }T wo obtuſe and one right. 
- CDES Angles One obtuſe and two right. 
9. A right angled ſpherical Triangle, with two 
acute Angles, hath from the right Angle, a right 
angled Triangle oppoſite thereunto, with two obtuſe 
Angles; as the Triangles ABC and BDC. 8 
10. The Sides of a right angled ſpherical Triangle, 
with two acute Angles, are all of them leſs than Qua- 
D drants; as in the Triangle ABC, the Sides are each 
F of them leſs than Quadrants. 55 
1 II. In a right angled ſpherical Triangle with two 
to Wi obtuſe Angles, the Sides that are oppoſite to the two 
the obtuſe Angles are greater than Quadrants; but the 
3. third Side that ſubtends the right Angle is leſs. As 
the Wi in the Triangle BDC, the ſides BD and CD ſubtend- 
Ing the obtuſe Angles at B and C, are each of them 
greater than Quadrants, but the ſide BC is leſſer. 
12. The Sides ſubtending the right Angles of a ſphe- 
rical Triangle having divers right Angles, are Qua- 
drants: As in the Triangle AEG, if the two great 
Circles AE and AG, do cut the great Circle EG at 
right Angles in the Points E and G, A is the Pole of 
the great Circle EG, (by the 3d hereof) and AE and 
AG are Quadrants (by the 24 hereof) but if the Angle 
| F A 
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A be alſoa right Angle, then EG is alſo a Quadrant 2K 
(by the 12. of Chap. 1.) | 

13. If the third Angle of a ſpherical Triangle, 
having two right Angles, be acute, the third Side is WW . 
leſs than a Quadrant ; but if obtuſe, then it is greater t! 
than a Quadrant. | OV 
14. An oblique angled Triangle conſiſteth ſimply 
of acute or obtuſe Angles, or of both. 

15. A ſpherical Triangle, with two obtuſe Angles 
and one acute, is oppoſite to a ſpherical Triangle ſim- 
ply acute angled, & contra. 

As, if the Angles at A and D be ſuppoſed acute, 
then the Triangle BDC with two obtule Angles at 
B and C, and one acute at D, is oppoſite to the ſim- 
ply acute angled Triangle ABC. 

16. A ſpherical Triangle with two acute Angles and 

one obtuſe, is oppoſite to a ſpherical Triangle ſimply 
obtuſe, & contra. As, if the Angle at AandD 
be ſuppoſed obtuſe, then the Triangle ABC, with 
two acute Angles at B and C, and one obtuſe at A, 
is oppoſite to the ſimply obtuſe angled Triangle BDC. 
17. The three Angles of every ſpherical Triangle 
are greater than two right Angles. +5 

This is manifeſt in ſpherical Triangles having more 
right, or obtuſe Angles than one. But in acute angled 
Triangles, it may be thus demonſtrated : 


S * 


F 


CY oy 
£- cd 
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In the right angled ſpherical Triangle ABC, right 
angled at C, and acute angled at A and By 
BAC) SCEE 


: & 
The meaſure of JABCk =) © _ 
the acute Angle ) or C > JGI C the 4h herevk, 
DBE 9 & | 


But the Arches EF and ED together are equal to 
a Quadrant; therefore the Arches FE, and Gl added 
together are more than a Quadrant; and conſequently 
the Angles anſwering to theſe Arches, namely the 
Angles BAC and ABC together, are more than a 
Quadrant. But the Angle ACB is a right Angle, 
therefore the three Angles together are greater than 
two right Angles. | 


Again, in the acute angled ſpherical Triangle 
KLM, : 
The Meaſure KLM Wo. 
of the acute 3MKLF is the Arch3 V 8 
Angle (LME . 
But theſe three Arches NO, VX, and QR, together, 
are more than two Quadrants. For PQ and PV (be- 
ing the Complements of the two Arches R and 
= 2 VX) 
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VX) added together are leſs than the Arch NO, 
the Meaſure of the third Angle; conſequently the 
three Arches, which are the Meaſures of the three 
Angles, are more than two Quadrants. 

Thus having ſet down the moſt principal Defini- 
tions, and Affections of ſpherical Triangles, I ſhall 
next give the uſual Axioms, with their Demon- 


ſtratioas; and then I ſhall lay down the univerſal 
Propoſition of the Honourable the Lord Neper, by 


which all the Caſes of right angled Triangles, and the 
firſt ten Caſes ia oblique angled Triangles are ſolved. 


CHAP. vl 


Of the four Fundamental Axioms, for the Solu- 
tion of ſpherical Triangles, with their Demon- 


ſtrations. | 
AXIOM I. 


N right angled ſpherical Triangles, having the 

the ſame acute Angles at the Baſe ; the Sines of 
the Hypothenuſes, and of the Perpendiculars, are pro- 
portional one to the other, & contra, 


F 


If the Quadrant of a 
Circle CBEG be inclin- 
ed to another Quadrant 
CADG, aad two other 

perpendicular Quadrants 
cut both of them, viz. 
FBAG and FEDG, and 
the latter cuts them in 
their Extremities in Dand 
E: having let fall Perpen- 
C diculars from the common 


Sections E and B, thro the Planes of the perpendi- 


cular 
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cular Quadrants, and the inclined Quadrant, (viz. on 


the one ſide EG and BH, as right Sines of the Seg- 


ments EC and BC; on the other El and BK, as right 
Sines of the Segments ED and BA) you'll have two 


Triangles EIG and BKH, right angled at l and K, 


equiangular at G and H (by reaſon of the ſame in- 
clination of the Plane CBEGC) and conſequently 
ſimilar. „ Fs 

But theſe things will be much more natural if you 
cut four Quadrants of fine Paſt-board, (as I have done 
for my own Satisfaction and others.) You may ſtrike 
a Circle, and divide it into four Qnadrants, by draw- 
ing two Diameters at right Angles to each other, and 
cutting the Strokes half thro: But cut two of them 
quite aſunder, that is, cut one ſtroke from the Center 
quite thro; cut in each of thoſe two a flit, that is, 
flit one of them about half way from the Center to- 
wards the Limb; the other flit half way from the 
Limb towards the Center : then put them one over 
the other, and turn it up, one of the whole Qua- 
drants at right Angles to the other, and the other 
two Quadrants at right Angles to the Planes of the 
Quadrants they fall upon, (as near as you can gueſs) 
and faſten them with Glew or Shoemakers Paſte. So 
ſhall you have the ſpherical Triangle ABC (in this 


Paſt-board Inſtrument) in its natural Order, with the 


Complements of the Sides; and you may eaſily draw 
Lines within it, to repreſent. the Sines of the Sides; 


which being drawn, you will find the, Sines of the Hy= 


pothenuſes and Perpendiculars, with the Lines IG, 
and KH, to form the ſimilar Triangles EGl and BHK 
above-mentioned. © 

The two Tangent Lines DM and AL will be only 
imaginary Lines raiſed from the bottom edges of the 
two perpendicular Quadrants, which with the Sines 
of the Baſes DG, (or Radius) and AH, and the Lines 
HL and GM drawn from the extremities of the Sines 
of the Baſes at Hand G, and by the extremities of the 


83 
— * * 
—— — — py 
"— — 
- aol 
: en * N rr . und 
ew ere woo og en ll ... — 


Circles two ſpherical Triangles ABC, and CDE, which 
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Hypothenuſes of the ſpherical Triangles at Band E, 
and imagined to be extended to L and M abdve, 
where the Tangents meet with them; theſe Lines ſo 
drawn, or imagined to be drawn, will form two other 
ſimilar Triangles repreſented in the Scheme by AHL, 
and DM. : | 
There are in this Figute conſtituted by the ſeveral 


at this time we ſhall ptincipally make uſe of; in 
which, e 


| Hypothenu- 'T Eo 
les are EC & BC ahd the 

The & Perpendicu- „ 

ere (DEE A 
Baſes are JDCEACI SY 

Now the Angle ACB at the Baſe is common to both 
Triangles; and the Triangles made by the Sines of thc 
Hypothenuſes and Perpendiculars being equiangular, 
the Sides about the equal Angles will be proportional 
(by Eucl. Lib.6. Pr. 4.) That is, 

EG: EI :: BH: BK. Or, EI: EG:: BK: BH. 
But EG being the Sine of the Hypothendſe EC, 
and El the Sine of the Perpendicular ED, in the 
ſpherical Triangle EDC, right angled at D; ahd BH 
is the Sine of the Hypothenuſe BC; and BK the Site 
of the Perpendicular BA, in the Triangle ABC, right 
angled at A: Thettfore the Sines of the Hypothe- 
nuſes, and of the Perpendiculars are proportioni!; 
which was to be demohlttated. 


Ax IOM U. 


In right anpled ſpherical Triangles, having tht 
ſame acute Angles at the Baſe; the Sipes of the Bi- 
ſes, and the Tangents of the Perpendichlars, are pio- 
portional, & ceny. 1 TFOE 


I. 
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In the two Triangles DG M and AHL, in the for- 
mer Diagram, DG being the Sine of the Baſe DC 
of the ſpherical Triangle EDC, AH is the Sine 
| of the Baſe AC of the ſpherical Triangle APC, and 
DM and AL are Tangeats of the Perpendiculars of 
the ſame ſpherical Triangles; (but this will more 
plainly appear by the Paſt-board Inſtrament, as it is 
above explained.) Now theſe Triangles being equian- 
gular, the Sides will be proportional to each other; 
that is, | 


DG: DM :: AH: AL Or, DM: DG :: AL: AH. 
| But DG and AH are sines of the Baſes of the ſphe- 


rical Triangles EDC, and ABC; and DM and 
AL are Tangents of the ſame ſpherical Triangles. 


th WW Therefore the Sines of the Baſes, and Tangents of the 

ne perpendiculars are proportional, and the contrary : 

7 which was, &c. 

13 
AXIOM III. 

5 Ry | — 5 . . ; » 

C In all ſpherical Triangles, the Sines of their Sides 

the are directly proportional to the Sines of their oppoſite 

gy Wl Angles, & contra. : = 

Side Let ABC be a ſpherical Triangle right angled at 


C; and let the Sides thereof be continued till they 
make the Quadrants AE, AF, and CD. Alſo from 
the Pole of che Quadrant AF, viz. from D, let there 
be two other Quadrants drawn to H and F; fo ſhall 
there be three new Triangles, BDE and GDE 
right angled, and BDG oblique angled. Now I 
lay, in the right angled ſpherical Triangle ABC, 
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ACB: AB:: ABC: AC 
Or, ACB: ABC :: AB : AC, &e. 


Likewiſe, in the Oblique angled * Triangle 
B DG, I ay, 


BDG : BG :: BGD: BD and fo is DBG: DG, Cc. 
Firſt, As to the Right-angled Triangle ABC, 
Ach) and the CAE or NDytre of the 
. Any N 918 quanti- 


the Angle ABC S thereof OP of Chap. 6 


Now, it is all one if I ſay, 


ACB: AB :: BAC: BC. 6 AE: AB:: EF: Bc: 


Axiom 1. 
In like manner, it is all one if ! ſay, 


AcB: AB:: ABC: AC. Or, OB: AB :: OP: AC. 


Axiom 1. 


But by the Rules already demonfirated; 
2 AB : ABC: AC, and ſo is BAC: to Bc. 


Therefore, 


1 the Sine of ABC: AC :: the Sine of BAC: Bc 


Secondly, As to the Oblique angled Triangle BDG, 


becauſe (by the Demonſtration of Right angled 


abore) 


BD 


(ty, by the 41h 
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BD : DEB :: DE: DBE. | And, DG : DEG :: DE: 
| Alfo, 


DG: DB:: DBE (or DBG): DGB, &c. 
And if from B, a Perpendicular be let fall to s; 
l Becauſe then, 5 | 
BD : BSD :: BS: BDS. And, 
BG : BSG :: BS : BGS, or to BG. 


Therefore alſo, | 
BG : BD : : BDS (or BDG) : DGB, &c: 
For if thus, 


„ a 3 And 5 
* 12 P | 
BY 559 8 a; 55 8 95 Which was to be 
C demonſtrated, 


AXIOM IV. 


This Axiom is made uſe of in reſolving the XI. and 
XII. Gaſes of Oblique angled ſpherical Triangles, 
where three Sides are given to find an Angle, or three 
Angles to find a Side. And is thus, 5 

As the Rectangle of the Sines of the Sides compre- 
hending the required Angle, is to the Square of Ra- 
dius; ſo is the Rectangle of the Sines of the half 
Sum, and half difference of the Baſe, and difference of 
the Legs, or Sides comprehending the Angle required, 
to the Square of the Sine of half the Angle required, 

Before I proceed to the Demonſtration, I will lay 
down the following Lemma, to facilitate the Work, 


LEMMA. 


The verſed Sines of two Arches given, the right 
Sines of the half Sum and half difference of thoſe 
Arches are mean proportionals between the whole 
dine, and half the difference of the verſed Sines. £ 
| | | et 
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3 SO 


—— Let the given Arches be 
TY PE and PC, and their verſ. 
ED T1. ed Sines PB, and PV, their 
B difference is BV; the Sum of 


let the Sine of the half Sum 
be EO, or OC, and the 
: Sine of half the difference 

CK: I ſay, that OE and CK are mean Proportionals 
between XE and CL. For the Angles EXO, CVE, 
and CKL are equal, (by Eri. Lib. 3. Prop. 20.) and 
the Angles at O and L are right. Therefore the Tri- 
angles X EO, KCL, are alike, and XE : EO :: KC 
: CL. Which was, &c. | 


' CONSECTARY. 
If the Triangle ECY is inſcribed in a Circle, and 


from any Angle, as ECV, the perpendicular do fall on 


the oppoſite fide EV, the half of the Legs OC, CK, 
are mean proportiotials between half the Per pendicular 
CL, and Semidiameter of the Circle XR: therefore 
the Rectangles of OC, CK, and XE, CL are equal. 


NA the given Arches EPC, and 
their difference CY. Alſo 


et 


/ ͤ da 
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Let the Sides öf the Triangle ZPS be known, and 
the Angle required be SZP z then ſhall ZS the one 
side be equal to ZC; and PC will be the Difference 
of the Sides. In like manner ſhall the Baſe PS be 
equal to PY, or PE; and CE the Sum of the Baſe 
and of the difference of the Sides; and CY the dif- 
ference of them. All theſe things are known. More- 


over draw PV, the Sine of the Side PZ, and CI is 


the Sine of the other Side ZS, let it be continued to 
S. In like manner let CT be drawn Perpendicular 
to the right Line EY; and OK biſſecting the right 
Lines EC, SC, CT, and CY. . Laſtly, let the Arch 
HD be the meaſure of the Angle ſought PZS, and 
the right Line MN perpendicular to the right Line 


, biſſect the Lines HD and HG. TI fay then, 


As the ReQangle Figure of the Sines of the Sides 
py, CI, 

To the Square of the Radius PX; 

So is the — Figure of the Sines of the half 

Sum, and half difference of the Baſe, and of the 
difference of the Sides QC, CK, To 


\ 
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To the Square of the Sine of half the requir'd 
Angle HM. - 
For the Triangles XPV, XAI, SAB, and SCT, are 
_ Equiangular, becauſe the Lines PX, and CT, and 
alſo CI, and PV are Parallels; therefore the Angles 
SAB, SCT, IAX, and VPX are equal; and the An- 
gles V, I, B&T, are Right: and therefore it will be, 


From Similar As 1 CT: GS 2: FU; PER. 
Andalfo - J 2 CS: HG :: Cl: HK. 
ok | CTxCS: CSxHG : : PVxCl: 

1 PXXHX. 5 

3. firſt part cs CT: HG :: PVxClI: PXq. 

4. firſt part 2 CL: HN :: PVxCl: PXq. 
5, iſt part x HX CL : HN :: CLxHX : HNx 

. H 

But 178 CLx HX = OC x CK, by the 

| Lemma above. 

therefore, 5,6, 7 PV xCl : PXq :: OC x GR: 

| Fl HMgq. 
Which was to be demonſtrated. 


lis 
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1 


This Axiom may be otherwiſe demonſtrated, thus. 

The Sides of the Triangle DBQ, being known, let 
the Angle B be required; the Triangles LQKR, and 
CQE are like, becauſe their correſpondent Sides are 
parallel; the Angle Q is equal to GA, or the Side DB; 
the Anple K is equal to E, which is equal to half 
LDC, the Baſe and Difference of the Sides; KL is 
equal to the Baſe, leſs by LD the Difference of the 
Sides; KBE is the Sum of the Baſe and Sides; CE is 
the Difference between the Baſe DQ, and the Sum of 


the Sides DE; the Angle KCE is equal to half the 


Complement of KDE, the Sum of the three Sides, 
and therefore the Sine of KCE is alſo the Sine of the 
half Sum of the three Sides KD, DB, and BE; and 


OZ, is the verſed Sine of the Angle B, and QL the 


verſed Sine of the ſame Arch in a leſſer Circle; Oz is 
the verſed Sine of the Complement of B, and QE 
the verſed Sine of the like Complement : And ER 
is equal to the Sine of half B; and Hz is equal to the 
Coline of half B. Firſt in the Triangle QLK; 
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Prom iſt and) 
2d, by mult. | 
extremes aud | | 
means, and re- | 
ducing them to 
Proportion, 

By mult. the 
latter part 4 
3d by AX, 

By vow As 


5 


| 


From OY 6th? 1 7 


3 
6 


By plain Trigon. 1s. Q: s. K :: 2 KL: 20L 
And 2 VL: AK : * 10: EN 


5 


| 


[2 


QUVL: KA KLs : AA: AN N 


SQXVL : SKx & KL: : Aﬀq: 
ENx AE 


AE: ER :: ER: AN 
ATEN AR 
SQXVL : KX KL.: 


AEq: 
ARq. Therefore, 


As the Rectangle of the Sine of BD in VL (the 
Sine of B) the Sides comprekending the An- 


gle B, 
To the 4 of AE Radius; 4 
So is the ReQangle under the Sine of + LC, the 


Sum of the Baſe and Difference of the Sides, and 
the Sine of + KL, the Difference of the Baſe and 
Difference of the Sides, 
To the Square of ER the Sine of half B, the An- 


gle required. 


Another Variety may be thus. 


As the Redtangle under the Sines of the Sides com- 
prehending the Angle required, 
To the Square of Radius; 
So is the Rectangle made of the Sine of the half | 
Sum of the three Sides, and the Sine of half 
the Difference of the Baſe and the other Sides, 
To the Square of the Colin of half the required 


Angle. 


In 


To the 
So is the Rectangle of the Sines of the half Sum of 
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In the & QCE + CB: zQE, 

And Q [fats 0b :xF 

From 1 and 2, 

by mult. || 
2 pow 3 Q . . = :: Az: x 
redu. to pro- | P | | 

5 R 1 

By mult. the 

latter part off, 4 Qn: OK + c A 5 
| 3, by Az, | | N 

From ſimil. A | 5 Az :#H :: EH: æE 

3 6 Ei N _ R 
* X 5 =q t 
From 4 6, $17 [7 | Vue That 1. 


As the Rectangle of the Sines of the comprehend- 
ing Sides, sQ and VE, 
Square of Radius Az; 


the 3 ſides KCE, and half Differeace of the Baſe 
and other Sides = 4 CE 


To the Square of 2H, 
B required. 


> This Axiom may be ot herwiſe varied, thus. 


As the Rectangle of the half Sum of the three 


Sides, and Sine of the Difference of the Baſe and 
half Sum of the Sides, 


To the Square of Radius; 


So is the Rectangle made of the Sine of the half Sam 


of the Baſe and Difference of the Sides, and Sine 


or Difference of the Baſe and Difference of the 
Ides 


To the Square of the Tangens of f half the Angle 
required. That 
a 


e Coſine of half the Angle 
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+ Co- ne: Sino :: Radius: Tan- 
de 
That is, 2 EH: ER :: Az: t1B 
ac) has — 3 | xHq: ER :: Azq:t+Bq 
By the 7 ſtepę⁊ x "We : 
"Page 79. £ sc CE, Ag. 
y The 7 ſtep . $K% > A Bo --EB 
. 85 L- KTK L:: AKA. ER. 
From 4, 5 [ISC A CE: sKx TKL. :; EHq: 
1 | X#Rq. 
From2,6 47 SCx 7 CE: $Kx5 KL : : Axq : 
t 2 Bq. 
And alſo * kx Kl. c CE: Aæq: c taz. 
Hence it is, 


As the Rectangle of the Sines of the half Sum of the 
three Sides, and of the Difference of the Baſe 
and half Sum of the Sides, 
Io the Square of Radius; 

So is the Rectangle made of the Sines 5 the half 
| Sum of the Baſe and Difference of the Sides, and 
pon: Difference of the Baſe and Difference of the 
Jo, 

To the Square of the Tangent of half the Angle 
ſought. 


Or it may be otherniſe expreſſed, thus. 


As the Rectangle of the Sine of the half Sum of the 
three Sides, and Sine of the Difference of the Baſe 
and half Sum, 


Io the Square of Radius; 


So is the Rectangle made of the Sines of the biff 
rence of each containing Side and half Sum, 
To the Square of the Tangent of half the Angle 
required. 

_ Which is in effeQ the ſame as the * Y 


Thus 


( 
c 
y 


Viz 


aſe 


le 


"hus 


| Band C, and the Side BC, he 
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Thus have l ſufficiently explained and demonſtrated 


the Four Axioms, by which all the Caſes in Spherical 
Triangles may be ſolved ; yet ] ſhall recommend to you 
one univerſal Propoſition, by which alone all the Caſes 
(except when all the Sides are given to find an Angle, 


or all the Angles given to find a Side) are ſolved; and 


which is as followeth. 


The Univerſal Propoſition, or Axiom, firſt invented 


by the Right Honourable John Lord Neper, 


Baron of Merchiſton in Scotland. 
5 8 7. 1 


ſides. the right Angle) five other Parts; whereof 


thoſe three which are more remote from the right 


Angle, Lord Neper changed into their Complemeats. 
AS in this Triangle ABC, Q 
right angled at A; for the three 


remote Parts, to wit, the Angles 


takes their Complements ; theſe 
three Complements, with the 
Sides AB and AC, do make fire 
Parts, which he calleth Circular. B 


Side AB 5 
| Side AC 


Viz. they Complement of the Angle at B : 


. | Complemeat of the Angle at C 
Complement of the Side BC. 


But the right Angle at A is ſet aſide from being any 
of the circular Parts, 


8 SECT. 


N a rectangled Spherical Triangle, there are (be- 


1 
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Now in the reſolution of a rectangled ſpherical 
Triangle there are two other Terms given (beſides 
the right Angle) to find out a third. | 


"SRC i. 


Theſe three Terms (namely the two that are gj- 
ven, and the third which is required) moſt be firſt 
looked upon according to their circular Parts. 


S r. N;- 


Of which one is named the middle (or mean) Part; 
the other two are called the extreme Parts; borrow- 
ing the Appellation from the ſituation of the Terms 
themſelves : for, of three Terms, one muſt neceſſarily 
be in the middle, and the other two in the extremes; 
therefore the circular Part of the middle Term, 1s 
called the middle Part; and the circular Parts of the 
extreme- Terms, are called the extreme Parts. 


SECT. V. 


But the extreme Parts may be twofold, either 
Conjunct, or Disjunct: For thoſe three Terms (be- 
ſides the right Angle) do come in queſtion according 
as the two Extremes are from either Part immediate- 
ly joined to a third Mean, or disjoined from the 
ſame by a Side or Angle interpoſed on both ſides; 


ſo are their circular Parts named Extremes Conjunct, 


or Extremes Disjunct. : | | 


SECT. vi 


* 


But of thoſe three Terms which fall in queſtion, 


we will ſubject all their varieties in their __ 
= 118 


9 2 „ 


| But here it is to be noted, that 
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Parts, according as every one of them ought (in re- 
ſpect of each other) to be called the middle Part, or 


the Extremes Conjun& or Dis junct; as in the follow- 
ing Analyſis or Table is fully demonſtrated. 


{Side AB Jg. g (Side AC& Com. B) 8 
Side AC | x Side AB & Com. C | £& 
Compl. Je j Side AC & Com, Al 3.8 

5 


If th 


then th 


| Compl. B Side AB & Com. BC 

Com. BC} . Low, B & Comp. C.) 
n 
Com. BC & Comp. CJ 
Comp. BG & Com. B 

2 Side AB & Com. B 
Side AC & Com. C— 
Lide AB & Side Ac; 


Xtremes 


E 
D 


2 
2 
— 
8 


the Sides AB and AC comprehend. 
ing the right Angle A, are ſop- 
poſed to be joined together, be- 
cauſe the right Angle is not reck- 
oned amongſt the circular Parts. 


Therefore in the Reſolution of a right angled ſphe- 
rical Triangle, to know the mean and extreme Parts, 
you muſt obſerve, that, | 
I. If one of the three Terms (which beſides the 
right Angle, comes in queſtion) doth ſtand alone by 
It ſelf, ſevered from the other two on both ſides, (as 
the Side BC, from the Sides CA and BA, by the An- 
gles B and C interpoſed) that ſhall be the middle Term, 
and fo its circular Part ſhall be called the middle Part - 


and the other two circular Parts are the Extremes diſ- 


e 8 2 2. If 
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2. If the three Terms do immediately adhere to- 
gether, the middle Term doth eaſily ſhew the middle 
e and the extreme Terms the extreme Parts Con- 

unct. ET eſe ts 
: Theſe things being all rightly underſtood, the whole 
Trigonometry of Sphericals will be reſolved by this 
one Propoſition, which therefore we call Catholick or 
U niverſal. | | 7 | vis 


SE C T. VIII. 
The Univerſal Propoſition, 


The Sine of the middle Part, and Radius, are reci- 


procally proportional with the Tangents of the ex- 
treme Parts Conjun&, and with the Co- ſines (or 
Sines Complements) of the Extremes Disjun&, That 
As Radius an 
To the Tangent of one of the Extremes Conjunct; 
So is the Tangent of the other Extreme Conjun®, 
To the Sine of the middle Part; & contra 
Thea alſo, | | 
As Radius 
Io the Co- ſine of one of the Extremes Disjunct; 
So is the Co- ſine of the other Extreme Disjunct, 
To the Sine of the middle Part, & contra. 


Corollary. 


Wherefore, 1. If the middle Part be ſought, the 
Radius ſhall be in the firſt place of the Proportion ; 
but if one of the Extremes be ſought, then the other 
Extreme ſhall be in the firſt place. Of the ſecond and 

third places it mattereth nothing how they are diſ- 
poſed. Alſo, . 

2. If the Extremes in any Proportion be Disjunct 
from the middle Part, the Proportion will - per 
| | forme 


— I 
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formed by Sines only: But if the Extremes be Con- 


jonct to the middle Part, it will be performed by Sines 
and Tangents jointly. N 


Tho a particular Demonſtration of this univerſal 
Propoſition may ſeem needleſs, becauſe where the Ex- 


tremes ate Disjunct, the Proportion differs nothing 


from the common ones; and in the Extremes Con- 


janct, where it is commonly ſaid, 


As Radius 
To the Tangent; 
Here we ſay, 
As the Co-tangent 
Is to Radius: | | 
And likewiſe inverſely and contrarily, which is 
plainly the ſame thing; becauſe the Radius is a mean 


proportional between the Tangent of an Arch, and 


the Tangent Complement of the ſame Arch: Yet for 


the benefit of the ingenious, I will give the following 


Demonſtration. . 
If five great Circles of the Sphere be ſo ordered, 


that the firſt inter ſects the ſecond, the ſecond the 


third, the third the fourth, the fourth the fifth, and 
. „ 

at right Angles; 
the right angled 
Triangles made 
by their Iater- 
ſections, do all 
conſiſt of the 
ſame circular 
Parts. | 
Let G repre» 
ſear the Zenith, 
A the -North 
Poke, and D the 
Sun being in the 
Horizon: So that 
IGB is an Arch 
of 


"TED 
of the Meridian of the Place, BDF an Arch of the 
Horizon, FEC an Arch of the Circle deſcribed about 


the Sun, CAH an Arch of the Meridian of the Sun, 


HLI an Arch of the EquinoQial. Then do theſe fiv 
Arches retain the Conditions required. 
The firſt interſeQing the ſecond in B; the ſecond 
the third in F; the third the fourth in C; the fourth 
the fifth in H; and the fifth the firſt in I ; and theſe 
Inter ſections at B, E, C, H, I, are at right Angles : 


there I ſay the right angled Triangles made by the In- 


terſections of theſe Circles, namely ABD, DHL, 
LFE, ElG, and GCA, do conſiſt of the ſame circular 
Parts; as here appeareth. | 
I The five circular Parts in the © 
ABD, are AB, BD, com. BDA, com. AD, com. DAB. 
DHL, are com. HL, com. LD, com. LDH, DH, HL. 


EIG, are IG, com. IGE, com. GE, com. GEl, El. 


Triangle 8 


Where you may obſerve, that to the Side AB in 
the firſt Triangle, is equal the Complement HLD 
in the ſecond, or the Complement of ELF in the 
third, or IG in the Fourth, or the Complement of 
GA inthe fifth, &c. The ſame uniformity of the cir- 
cular Parts is alſo apparent in quadrantal Triangles. 

As in the ſame Scheme G from D, D from E, E 
from A, A from L, and L from G, are diſtant by 
Arches each equal to a Quadrant, Here are therefore 
five quadrantal Triangles, as appears in the Scheme. 
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LFE, are com. ELF, LF, FE, com. FEL, com. EL. 
GCA, are com. GA, com. AGC, GC,CA,com.CAG. 


Of 


—— — TY 
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Of the five circular Parts in 4 ſpherical Triangle, 
right angled, or quadrantal. 
YH E, Sine of the middle Part with Radius, is 


equal to the Tangents of the Extremes adjacent, 
or to the Co- ſines of the Extremes disjunct. 


PART I. Touching the firſt part of this Axiom, 
in right angled Triangles ; the middle Part is either 
one of the Sides, or one of the oblique Angles, or the 
Hypothenuſe, EE | 


CASE i. Let the middle Part be a Side; as in 
the Triangle ABD, let AB be the middle Part, and 
BD, and the Complemeat of A, the Extremes adja- 
cent: Then I ſay, that the Sine of AB the middle 
kart, witk Radius, is equal to the Tangent of DB, 
with the Tangent of the Complement of DAB. t 

For (by Axiom 2. Page 70, Ji.) as the Sine of AB is 
| to Radius, ſo is the Tangent of DB to the Tan- 
gent of the Angle at A: Therefore alſo alternately, As 
the dine of AB, to the Tangent of DB; ſo is Radius 
to the Tangent of A. „ 

But Radius is a mean proportional between the 
Tangent of an Arch and the Tangent Complement of 
the Arch. So then it is, As Radius is to the Tangent 
of A, ſo is the Tangent Complement of A to Ra- 
dius. Then it will be, As the Sine of AB to the 
Tangent of DB, ſo is the Tangent Complement of 
A to Radius. 8 


CAS E 2. Let the middle Part be an Angle, as in 
the Triangle DHL, let the Complemeat of HLD be 
the middle Part, and HL and Complement of LD the 
Of Extremes adjacent: Then I ſay, that the Sine Com- 
£ plement of HLD with Radius, is equal to the Tan- 

G 4 gent 
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gent of HL, with the Tangent of the Complement 
0 D. . | | | 
For the Complement of HL is equal to AB, and 
the Complement of LD is DB; and f 
plement of DAB; and we proved before, that the 
Sine of AB with Radius, is equal to the Tangent 
of DB with the Co-tangent A: Therefore alſo the 
Co- ſine of HLD with Radius, is equal to the Co- tan- 
gent of LD with the Tangent of HL. 


CASE. z. Let the middle Part be the Hypothe- 


nuſe, as in the Triangle GCA, let the Complement of 


AG be the middle Part, and the Complement of AGC, 
and Complement of CAG, the Extremes adjacent. 


Then alſo I ſay, that the Co-fine of AG with Radius 


is equal to the Co-tangent of AGC, with the Co- 
tangent of CAS. „ 

For we have before proved, that the Sine of AB 
with Radius is equal to the Tangent of DB with the 
Co-tangent of A; but the Complement of AG is 
equal to AB, and the Complement of AGC is equal 
to DB, and the Complement of CAG equal to the 
Complement of DAB. Therefore alſo the Co- ſine of 
AG with Radius, is equal to the Co-tangent of AGC, 
with the Co-tangent of CAG, 5 5 
Therefore in a right angled Triangle, the Sine of 
the middle Part with Radius, is equal to the Tangents 
of the Extremes adjacent. 5 


I ſay further, that, 


PART II. The Sine of the middle part with Ra- 
dius is equal to the Sines Complemeat of the oppoſite 


Extremes. = 
For here alſo the middle Part is either one of the 


Sides, or the Hypothenuſe, or one of the oblique 


Angles. | 
CASE 


L is the Com- 


Proportion does chance to concur with a Complement 
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CASE 1. Let the middle part be a Side, as in the 


Triangle ABD, let DB be the middle part, and the 


Complement of AD, and Complement of A, the Ex- 
tremes Disjunct. Then I ſay, that the Sine of BD 
with Radius, is equal to the Sine of AD with the 
Sine A. 46.703 | 

For (by Axiom 1. Pape 68.) As the Sine of AD 
to Radius, ſo is the Sine of DB to the Sine of A; 
therefore, the Sine of DB with Radius, is equal to 
the Sine of AD with the Sine of A. ; 


CASE, 2. Let the Hypothenuſe be the middle 


Part, as in the Triangle DHL; let the Complement 


LD be the middle Part, and DH and HL, the Ex- 
tremes Disjunct: Then I fay, that the Co-ſine of LD 
with Radius, is equal to the Co- ſine of DH with the 
Co-ſine of HL. | 

For the Complement of LD is equal to DB, and 


D equal to the Complement of AD, and HL equal 


to the Complement of DAB: And it was proved be- 
fore, that the Sine of DB with Radius, is equal to 


the Sine of AD with the Sine of DAB, 


CASE 3. Let one of the oblique Angles be the 
middle Part, as in the Triangle EIG; let the Com- 
plement of IGE, be the middle Part: then I ſay, that 
the Co-ſine of IGE with Radius, is equal to the Sine 
of GEl with the Co-fine of EI. For the Complement 
of IGE is equal to DB; and GEI is equal to AD; 
and EI is equal to the Complement of DAB. 
Therefore in a right angled Triangle, the Sines of 
the middle Part with Radius, are equal to the Sines 
Complement of the Extremes disjun&t. Which was 
to be demonſtrated. 5 | 

But here Note, That when a Complement in any 


— ih 
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in the circular Parts, you muſt always take the Sine 
it ſelf, or the Tangent it ſelf, inſtead of the Co-ſine 
or Co- tangent in the circular Parts; becauſe the Co- 
fine of the Co- ſine, is the Sine; or the Co-tangent of 
the Co-tangent is the Tangent it ſelf. As in Caſe 
the firſt, where DB is the middle Part, and the Com- 
plement of AD, and Complement of A, the Extremes 
Disjunct; here becauſe the two Extremes fall upon 
Complements in the circular Parts, therefore it muſt 
be the Sine of AD, and the Sine of A, becauſe the 
Co- ſine of the Complement is the Sine. | 1 
' Having explained and demonſtrated the ſeveral 
Axioms, I ſhall next proceed to the Solution of the 
Sixteen Caſes of right angled Spherical Triangles, 
doth by Lord Neper's Univerſal Propoſition, and alſo 
by the three firſt Axioms, as followeth. Of 


"= * _— 


: CHAP. VIIL =O 
The Solation of the Sixteen Caſes of right angled 
Spherical Triangles, | 


- 


. CASE I. 
The Hypothenuſe AC, and the Angle A given, to 
| find the oppoſite ſide BC, the middle Par . 8 


Ss. AG: s. AC:: s. DG: 

\ s. BC. (by Ax. 1.) That 

Þ, As Radius: s. AC:: 8. A: 
8. BC. a | 
Which is agreeable to the 
univerſal Propoſition; for BC 
being the middle Part, the Pro- 
duc of the Extremes * 
| | WIII 
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will be equal to the Product of Radius with the middle 


Part. 

Let AC be 46 31, and the Angle A 40? oo', then, 
As Radius 5 10. | 
To the Sine of AC 46” 31” 9.862682r 
So is the Sine of A 40? oo _  9.8080675 
To the Sine of BC 27 48 9.6637496 


By Scale and Compaſſes. 


Extend the Compaſſes from the Sine of 
31“; that extent will reach from 40" 0 
in the Line of Sines. 

Upon the Sliding Rule. 


Set 90 on SS, to 46 31“ on S; then againſt 40 * oof 


on SS, is 27 4% on 8. 


The Side found will be leſs than a Quadrant, if the 
'Angle era thereto be acute, but greater if obtuſe. 


ot 


or 


„So, to 46? 
to 27 "48 


CASE IL 


The Hypothenuſe AC, and the Angle E gives, to 
find the Side adjacent BC, > an Extreme 


Conjundt. 
As 8. EI: s. EF: : t. 18: t. 4 
That is, As Radius : cs. C:: t. AC 
| t. BC. 


Bur, by the univerſal Propoſi- 
tion, the Complement of the Angle 
Cis the middle Part, and the Com- 
plement of AC, and the ſide re- 
| quired BC, are Extremes Con- 
junct; therefore it will be, 

As AG: * cs. Ert. BC. 


2 


— 


"2 13: KY 
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Let AC (in the Triangle ABC) be 46* 31“, and C 


60? oO. | 
Then, As Radius to cs. C 60" o? _ 9.698970 
So is t. AC 46 317 10.023003 
To t. of BC 2% 48“ 8.721973 


By Scale and Compaſſes. 


Extend the Compaſſes in the Line of Sines from 90 


to 30? (the Comp. of C.) that extent will reach from 
46 31“ in the Line of Tangents, down to 27* 48. 
Here the Line of Tangents is ſuppos'd to be continu'd 


forwards beyond 45?; but if the Line of Tangents ex- 


tend no further than 455, and then be numbered down- 
wards again, as moſt Lines of Tangents are, then 


that firſt extent muſt be applied downwards from 45 


in the Line of Tangents, and the lewer Leg of the 
Compaſſes kept there where it falls, till you pull in the 
other Leg to 46 31”, numbred downwards from 45 
and that laſt extent will reach from 45* to 27 48 
the Side ſought. 2 | 


By tbe diding-Rule. 5 
Set Radius on SS to 30? on 8, then againſt 45˙ on 


II, obſerve what degree and minute on T; then 


move T downwards, till the ſame point ſtand againſt 
46 31/on TT; and then againſt 45* on TT you have 


27 48/ on T. But this trouble and inconvenience 


may. in ſome meaſure be removed, by having the 
Slider ſomewhat longer than they uſually are, and 
the Tangent Line continued to the end thereof; for 
then you will have no more to do, but to ſet Radius 
on 8 to 30? on SS, then againſt 46* 31' on T is 27 48 
on TT. 5 = 
The Side ſought will be leſs than a Quadrant, if the 
Hypothenuſe be leſs than a Quadrant, and the given 


Angle acute; or, if the Hypothenuſe be greater Que 
3 5 9235 a Qua- 


« 


* 
$54. D 
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a Quadrant, and the given Angle obtuſe : But it will 


be greater than a Quadrant, if the Hypothenuſe be 
leſs than a Quadrant, and the given Angle obtuſe; or 


if the Hypothenuſe be greater than a Quadrant, and 
the given Angle acute. 


— . ˙ 0 —— —̃ 


3 Gassi WS 
The Hhpothenuſe AC, and the Angle A given; to 


Jani. 


Ass. CG: s. CI: : t. HG: t. 
IF (by Ax. 2.) 3 
That is, As cs. AC: Rad.: 
ct. A 2. C. | | | 
But by the univerſal Propo- 
ſition, the Comp. of AC is the 
middle Part, and the Comple- 
ment of A and C the Extremes 
Conjunct; therefore it will be, 
As ct. A: cs. AC:: Radius: = 
ct. 7 
Let AC be 46 31“ (as before) and A 49? oo' 


Then, as ct. A 40 o | 10.076786 

To cs. AC 46&' 31/ 9.837679 
So is Radius „ 10. 

To ct. C 6 oo ä 


By Scale and Compaſſes. 

Extend the Compaſſes from 43 29 (the Comp. of 
AC) to go' in the Line of Sines, that extent will 
reach from 50* oo' (the Comp, of A) to 60 in the 
Line of Tangents. 35 


By 


find the other oblique Angle C, An Extreme Con- | 


6 
— Ae * es 


— — — — — — 
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y the Sliding Rule. 


© 2 43 29 on 8 to 90 on SS, then againſt 50? on 
ITT, is 60 on T. 
The Angle found will be acute, if the Hypothenuſe 
be leſs than a Quadrant, and the given Angle acute; 
or if the Hypothenuſe be greater than a — 
and the given Angle obtuſe: and the ſaid Angle will 
be obtuſe, if the Hypothenaſe be leſs than a Quadrant, 
and the given Angle obtuſe; or if the Hypothenuſe 
be greater than a Quadrant, and the —_—_ * 
acute. 


—— — 
- 


As E Iv. 


The Hhpothenuſe AC, and the Side BC given; fo 
find the Angle A oppoſi ite to the Side given, an 
8 — 


* AC: s. AG:: s. BC: 5s. DG 
(by Ax. 1.) 

That is, As s. AC: R:: 8. BC: 
. 

But by the univerſal Propo- 
ſition, BC being the middle 
Part, and the Complements of 
AC, and the Angle A Extremes 
Disjunct, therefore it will be the ſame as before. 

Let AC be 46" 31', _ BC 27" 487; then, 


a a 


As s. AC 46* 31 9.386068 
* To Radius 10. Xs 
So is s. BC 2% 4G 9.66875 Ml : 
£ — — 
To s. A 407 0 1 1 9.80807 Sc 


al 7 
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By Scale and 'Compaſſes. 
Extend the Compaſſes from 46 317 to Radius, or 
9o' in the Sines, chat extent will reach from 27 48 
to 405% 


| By the Sliding Rule. 


Set 46? 31 on $ to 90 on SS, then againſt 25 4 
on 8, is 40 oo. on SS. 
The Angle found will be acute, if the Side given be 
leſs chan a Quadrant; obtuſe, if greater. 


———_—_——_—_—_— 


CASE v. 


The Hypothenuſe AC, and the Side BC given; to 
find the adjacent Angle C, the middle Part. | 


Ast.IG: «EI: : t. FH: 8. EF 

(Ax. 2.) 

That is, As t. AC: +R ::t. BC: 
cs. C. 

But by the univerſal Propo. 
ſti tion, the Complement of the 
Angle C is the middle Part; and 
the Complement of the Hypo- ; 
thenuſe AC, and the Side BC are 
Extremes Conjunct; 3 therefore ig 
will be, 8 
N ct. AC:: t. BC: cs. C. 

Let AC be 460 31“ and BC 275 48“ then 


As t. AC 46* 31 10.02 3003 

To Radius „ 10. | 

So is t. of BC 27* 48“ a . 9.722908 

57 To cs. C 60? > Os e 9.699005 | 


By Scale and Compaſſes. 


* 


Extend the Compaſſes in the Line of Tangents from 


45 to 27 48“, and apply that extent from 4631“ 


downwards; keep the lower Leg of the Compaſſes fixt 
till you extend the other to 45, this laſt extent will 
reach from 90 in the Sines to 305, the Complement 


of C. But if you have a Line of Tangents with the 


Degrees continued beyond 45, you need but extend 


the Compaſſes from 46? 31/ to 27% 48“ in the Tangents, 


that extent will reach from 90 in the Sines to 300. 


By the — Rule, 
Set 27 48“ on J to 45 on TT, then againſt 4631 


on TT, obſerve the Degree and Minute on T, and 
bring that Point to 45 on TT; and againſt 90 on S8, 


you have 30 on S. But if your Slider have the De- 
grees continued beyond 45, you may ſet 46? 31“ on 
T to 27 48' on TT; then againſt 90 on 8, is 30 


on SS. | | 


The Angle found will be acute, if both the Hypo- 
thenuſe, and the given Side be greater, or leſs than a 
Quadrant; but obtuſe, if one of them be greater, and 
the other leſs. 
The HMpothenuſe AC, and the Side AB given; to 
find the other Side BC, an Extreme Diguntt. 


Ass s. BD: s.CG:: s. BH :s. 
TR, CH (by Ax. 1.) 
That is, As cs. AB: cs. AC:: 
R 
But by the univerſal Propoſ- 
tion, the Complement of AC is 
the middle Part, and AB and 
BC are Extremes Disjunct; 
therefore 


therefore it will be the ſame as above. 

Let AC be 46? 31”, and AB 38˙ 56“; then 
As cs. AB 38? 56“ 9.899911 
To cs. AC gr” 0.837679 
So is Radius | 510. 


To cs. BC 27 48“ 


9.946768 
| By Scale and Compaſſes. 
Extend the Compaſſes from 51? 04 (the Comp. AB) 


to 43529 (the Comp. of AC) that extent will reach 
from 90 to 62" 12“ in the Line of Sines. 


: | By the Sliding Rule. 11 
Set 51*04/0n 8, to 90 on SS; then againſt 43 29 


the Side BC ſought. _ 
The Side ſought will be leſs than a Quadrant, if 


Quadrant, but greater than a Quadrant, if either the 
Hypothenuſe be greater, and the given Side leſs; 


or if the Hypothenuſe be leſs, and the given Side 
greater. | . 


0 


CASE VI. 


The Side BC, and the Angle oppoſite thereunto A 


being given ; to find the other Side AB, the 
middle part. | | 


As t.DG:t.BC::s. AD: s. AB 
(by Ax. 2.) | 
Ry... t. A:t.BC::R :% 
But by the univerſal Propoſi- 
thon, AB is = middle part, and 
the Complement of A, and Side 
| " 
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onS, is 625 12/ on SS, whoſe Complement is 27 48 


both the Hypothenuſe and given Side be jeſs than a 
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BC are Extremes Conjunct; therefore it will be, 
Rad.: ct. A:: t. BC: s. AB. \ N LEES Ac, 

Let the Angle A be 40 oo, and the Side BC 27 


48˙; then | NET 
As Radius, to ct. A 4c? od 10.076 186 
So is t. BC 277 48 9.722008 
To s. AB 38* 56' 9.798194 


* 


Zy Scale and Compaſſes. 

Extend the Compaſſes from 40? to 27 48 in the 
Tangeats, that extent will reach from 90 to 38* 56' 
in the Line of Sines. 

By the Sliding Rule. 

Set 4o* on TT, to 27 48' on T; then againſt 90 
on Ss is 38* 56“ on S. | ET 

The Side found will be leſs than a Quadrant, if the 
Angle oppoſite thereto, and not given, be acute, but 
greater if it be obtuſe: In like manner it will be leſs, 
if the Hypothenuſe be leſs than a Quadrant, and the 
Side given alſo leſs than a Quadrant : Or if the 
Hypothenuſe be leſs than a Quadrant, and the given 
Side greater, the Side found will be greater than a Qua- 
drant: Laſtly, if both the Hypothenuſe and Side 
given be greater than a Quadrant, the Side found 
will be leſs than a Quadrant, but greater if the Hypo- 
+» wry be greater than a Quadrant, and the given 
Ines, 


Carl is5 
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| The Side BC, and the. Angle oppoſi te 8 A; 


Ass. cn: . CF. :$.GH : 5.1 


will be the ſame as above, 


be leſs than a Quadrant; obtuſe if greater: in like 
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being given; to find the other oblique Angle at 
C Extreme e. 


C1) 
That is, cs. B C: R.:: cs. ls : 
S. C. 

But by the univerſal Propo- 
ſition, the Comp. of A is the 
middle Part; and BC, and the 
Complemeat of the enquired 
Angle C, are Extremes Dis- 
junct; therefore the Analogy 


Let the ſide BC be 27* 487, and the Agile A 40? oO. 


As cs. BC 27% 1 6 9.946737 
_ To Radius | 10. 4573 5 
So is cs. A qo? o 9. 8842 54 


To s. C 60? o 9.937517 
| | By Scale and Compaſſes. 

Extend the Compaſſes from 62 12“ (the Comp. of 

27 48!) to Rad, or go in the Siges, that extent will 


W. from 50 (che Comp. of 400 t to 60 ia the ſame 
as: 


By the Sliding Pubs. | 


Set 62? 12“ on &, to 90 on 88, and *in $07 onS 
is 63%, on SS. 


The Angle found will be acute, if the Side not given 


H 2 manner, 
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manner, if the Hypothenuſe be leſs than a Quadrant, 
and the given Angle acute. Or if the Hypothenuſe 


be greater than a Quadrant, and the given Angle ob- 


tuſe, the Angle found will be acute: But if the Hypo- 
thenuſe be leſs than a Quadrant, and the given Angle 
obtuſe, or if the Hy pothenuſe be greater than a Qua- 
drant, and the given Angle acute, the Angle found 
will be obtuſe. Tr | 


CASE ks 


The Side BC, and Angle oppoſite thereto A given, 


to find the Hypothenuſe AC, Extreme Disjunct. 


As the s. DG: s. BC :: . 


AG : s. AC (Ax. 1.) 


Rad. : s. AC. 
But by the univerſal Propo- 
ſition, BC is the middle Part, 
and the Complement of A, 
and the Complement of AC 


the Extremes DisjunQ ; therefore the Analogy will 


be the ſame as above. | 
Let BC be 27' 48” (as before) and the Angle A 
40" 0d 4 Tnen, 


As the s. A 40* oo | | 9.808067 
To the s. BC 27 480 9.668746 
So is Radius LET #7 To 
To thes. AC 46 31“ | 9.860679 
By Scale and Compaſſes. 


Extend the Compaſſes in the Line of Sines from 400 
to 27 48/, that extent will reach from 90 to 46* 31'. 


That is, As s. A: $.BC:: 


By 


and the Complement of A, and 
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By the Sliding Rule. 
Set 40 on SS, to 27 48/ on S; then againſt 90 on 
SS, 48 40 31 00 h. 


The Hypothenuſe found, will be leſs than a Qua- 


drant, if both the oblique Angles be acute or obtuſe, 


or if both the Sides be greater or leſs than Quadrants. 
It will alſo be greater than a Quadrant, if one of the 
oblique Angles be acute, and the other obtuſe; or if 


one of the Sides be leſs, and the other greater than a 


Quadrant, 


"= CASE X. 
The Side AB, and the Angle adjacent A given to 
find the other Side BC, Extreme Conjuntt. 


As the s. AD: s. AB: : t. 
DG: t. BC (Ax. 2.) 
That is, As Rad.: s. AB :: 
t. A: t. BC. | 
But by the univerſal Propo- 
ſition, AB is the middle Part; 


the Side BC, are Extremes 


_ Conjun&: therefore it will be, 


As ct. A: Rad. ::$s. AB: t. BC. | 
Let the Side AB be 38? 56, and the Angle A 40* o 
(as before) Then, on i, 


As Radius 19. 

To s. AB 38˙ 56 “ 9.798247 
So is t. A 40? og | 9.923813 
To t. BC 25048 9.722060 


H 3 . By 
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By Scale and Compaſſes. 


Extend the Compaſſes from 90 to 380 56". in the 
Sines, that extent will reach from 40" to 27 70 in 
the Tangents. 


By i Siding-Rule. 


Set 90 on 88, to 38 56 on 8; then againſt 40 on 
TT, is 27 48' on T. 

The Side found will be leſs than a Quadrant, if the 
ous Angle oppolite thereto be acute, but greater if 
obtuſe. 


CASE. XI. 


.T hgSide BC, and the adjacent Angle C given ; 6 ” 
find the other oblique Angle A, middle Part. 


F 1 As the s. FC: s. HG: 2.5.1: 
| s. HG. (Ax. 1.) 
That is, As Rad.: cs. BC: 
s.C:ic A. 

But by the univerſal oo 
ſition, A is the middle Part, 
and the Side BC, and the Com- 
plement of the Angle C, are 
Extremes Disjunct; and the A- 
D nalogy will be the ſame as 


— 


E above. 
[Let the Side BC . od 48, and the Angle oo oo: 
S—_— 
As Radius 2 30 
Is to cs. BC 27 48 | 9946737 
c oof _* | 9.937530 
Too the cs. A 40 OO e 9.88426) 


x e 3 by 
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By Souls and Compaſſes. 


Extend the Compaſſes from 90 to 62? 12/, that ex- 


tent will reach from 60" to 50, the Comp. of A. in the 
Line of _ 


| "Ih the Sliding Rule. 
| Set 90 on SS, to 629 12 (the Compl. of 27 * 48 ) 
on S; then againſt 60 on SS, is 50" on S. 
The Angle found will be acnte, if the Side given be 


leſs than a Quadrant, obtuſe if greater. 


1 


F 3 


— 


4 
Lan is. 7 bo CR. 


CASE XII. 


7 be Side AB, and che adjacent Angle A given, to 


find the Hy, pothenuſe AC, Cans CO. 


As the s. HD : 5. HG :: t. Rn os 
BD: t. CG Ax.2.) | | 


That js, As Rad, : CS. Az: ct. 
AB: £1 REC 


But by the anlvetfat Propo- 
ſition, the Complement of A is 
the middle Part; and the Side 
AB, and the Com lement . of ; 
AC, are Extremes Conjunct; therefore it will be, 

As t. AB : Rad.: : cs. A: ct. AC. 


Let AB be 38" $6, and the Angle A 40" oo; then, 
As t. AB 38* 56&/ 


9.907336 
To Radius 10. 1 
So is cs. A 40 oo 9.8842 54 
To ct. AC 400 31' 8. 976918 


By 
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Bu Scale and Compaſſes. 

Extend the Com paſſes from goꝰ to 50? (the Compl. 
of A) io the Sines; that extent will reach from 45 
(in the Tangents) to 52" +: keep that foot of the Com- 
paſſes fixt, and pull the other into 515 4/ (the Compl. 
AB) this laſt extent will reach from 455 to 46˙ 31/. 

| By the Sliding Rule, | 

Set 90% on 8, to 50˙ on SS; then againſt 51*4 on T, 
is 43720 on FT ©... ors 17 

The Hypothenuſe will be leſs than a Quadrant, if 
the given Side be leſs than a Quadrant, and the Angle 
given adjacent thereto be acute; as alſo if the given 
Side be greater than a Quadrant, and the given adja- 
ceat Angle obtuſe. And the contrary. 


—_ 


GAS 


The two Sides AB, and BC given; to find either 
of the oblique Angles, as A, Extreme Conjuntt. 


H As the s. AB: s. AD: : t. 

| BC: t. DG. (Ax. 2.) 
& That is, As s. AB: Rad.: 
t. . ct | 
But, by the univerſal Pro- 
poſition, the Side AB is the 
2 ä D middle Part, and the Side BC, 
and Complement of A, the 

Extremes Conjunct; thea it will be, 

As t. BC: s. AB:: Rad.: ct. A. | 
Let AB be 38 567%, and BC 27 48“: then, 


As s. AB 38˙k 560 9.798247 
To Radius | 10. 
So t. BC 27 4% 9e 


To t. A 40 oo. „ 9.923761 
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By Scale and Compaſſes. 
Extend the Compaſſes from 38* 56“ to 90 in the 
Sines; that extent will reach from 27 4% to 40* in 
the Tangents, | 5 


By the Sliding Rule. 
Set 38˙ 56“ on S to 90 on 88, then againſt 27 48 
on T, is 40 on TT. c | 
The Angle found will be acute, if the Side oppoſite 
to the Angle ſought be leſs than a Quadrant, but ob- 
tuſe, if greater. 25 


„ 
The two Sides AB, and BC given; to find the Hy- 
| pothenuſe AC, the middle Part. 


As the s. BH : s. CH :: s. BD: s. CG. (Ax. 1.) 

That is, As Rad. 2 CS. BC 2 8 5 | 
cs. AB: cs, AC. 8 

But by the univerſal Propo- 
ſition, the Hypothenuſe AC is 
the middle Part, and the Sides 
AB and BC are Extremes Diſ- 
junct; therefore the Analogy. 
will be the ſame as above. 


Let AB be 38" 56”, and BC 27 48/; then, 
AS Radius | 10. 


To cs. BC 2% 48“ 9.946737 


So cs. AB 38˙ 56. 9.89991 r 
.. | a ; yma—— 
To cs. AC 46* 310 9-337648 


Ss By 
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Compl. of AB) to 437 29“ the Comp], of AC. 


on 88, is 43" 29“ on 8. 
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By Scale and Compaſſes. 


Extend the Compaſſes from po to 62* 12/ (the 
Compl. of BC) the extent will reach from 514 (the 


By the a Rule. 
Set 90 on 1 $3, to 629 12 on S; and againf g1* 


The Hypothennſe found will be leſs than a Qua. 
drant, if both the Sides are leſs or greater; but other. 
wiſe it will be greater, if one be leſs, and the other 
greater. 


CASE XV. 


The two Angles A and C given; to find either f 
10 Sides, Viz. BC, Extreme eng | 


As the s. I F: s. GH: :s. CF: 
P 
That is, As s. C: cs. A:: Rad.: 
cs. BC. 
But by the univerſal Propo- 
ſition, the Compl. of the Angle 
Ais the middle Part; and the 
Compl. of the Angle C, and the 
Side BC Extremes Disjunct: 
therefore the Analogy will be 
the ſame as above. 
Let the Angle A be 40? oo”, and C 69* o; then, 
As s. C 60? oo 30 
ire A 9.884254 
So is Radius | 10. 


To the cs, BY 27 48 „ 94946724 
| 7 


| * 8. Spherical | Trigonomatry. 


By Scale and Compaſſes. 
Extend the Compaſſes from 60? to 50? (the Compl. 


of A) that extent will reach from 90 to 44742 Irn 
Compl. of BC. 


107 


4 


Ey the Sliding Rule. 


Set 60" on SS, to 5o' on S; then againſt 90 on S8, 
is 62 12 n 15 
The Side found will be leſs than a Quadrant, if the 


Sink Angle KM: thereto be _ but ha if 
obtule. 1. 


cs D 
The tuo oblique Angles A and C given; to find the 
F or henuſe AC, the middle Part. f 


As the t. IF: t. GH:: s. CI: 

s. CG. (Ax. 2.) 
That is, As t. &: ct. A:: Rad. : 
cs. AC. 

Bat by the univerſal Propo- 
ſition, the Complement of the 
Hypothenuſe AC is the middle 
Part, and the Complements of 
the Angles A and C, are Ex. A 
tremes Conjunct; therefore it 
will be, 

As Rad, : ct. A: : ct. C: cs. Ac. 

Let A be 40˙ and C 7 as before; then, 


As Radius R YOe = 

Fo ct. A 40 o | 10.076 186 
So is ct. C60" oof 9.761439 
To cs. AC 46317 15 9.837625 


By 


1 
| 
| 


gents, that extent will reach from 90 to 43 ay in 


but greater if one of them be acute, and The other 
obtu e. 


to the Secant of the Arch's Complement CN. 
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.By Scale and Compaſſes. | 
Extend the Compaſſes from 60 to 50 in the Tan- 


oe Sines, 


3 the Sliding Rule. 
Set 60 on T to 50 on TT; then againſt 90 on SS, 
is 43* 29/ on 8, the Complement of AC, © 
The Hypothenuſe found will be leſs than a "= 
drant, if both the oblique Aiigles be acute or obtuſe, 


—yvV— OI 9 * * "IIS N 


1 vary Proportions. 


The f Grounds for varying Proportions are bail 
Ny on the following T, beorems, . 


8 +4 * P Balis is 
a mean Pro- 
portional between the 
. - Tangent of an Arch, 
and the Tangent of its 
Complement; that is, 

:- ede Tangent TS 
to Radius CT, 

So is Radius CF to 
the Co-tangent FEN. 


2. The Radius is a mean Proportional between the 
Sine of an Arch, and the Secant of the ſame Arch's 
Complement : that i is, 

As the Sine OR to Radius OC, ſo is Radius CE 


3, Tht 
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3. The Rectangles of all Tangents, and their Com- 
plements, being reſpectively equal to the Square of 
Radius, are reciprocally Proportional. That is, , 
As the Tangent of an Arch or Angle, is to the 
Tangent of another Arch or Angle; ſo is the Tan- 
gent of the Complement, of the latter Arch, to the 
Tangent of the Complement of the former. 

And by varying the ſecond Term into the place of 
the Third, we may compare the Tangent of one Arch 
to the Co-tangent of another, &c. That is, 


tangent of another Arch; ſo is the Tangent of the 
latter Arch, to the Co- tangent of the former. 


4. The sines of the Arches, and the Secants of their 
Complements, are reciprocally proportional; that is, 
As the Sine of an Arch, to the Sine of another 


the Co- ſecant of the former. | 


| Sine may be compared with a Secant. 

Ins any Proportion, if the two firſt Terms be, 
As the Tangent of an Arch to Radius; to bring 
the Radius into the firſt place, it may be ſaid, As the 
Radius is to the Co-tangent of that Arch, becauſe 
there is the ſame Proportion between theſe two latter 
Terms, as between the two former. Now in all the 
Theorems, the two latter Terms conſiſt either of the 
Parts, or of the Complements of the Parts of the two 
former : hence it will not be difficult to vary any 
Proportion propounded. "vet ul 


1. From hence it will follow, that a Proportion 
wholly in Tangents may be changed into their Com- 
plements, without altering the order of the Terms; 
ard the Converſe. TTY 


If 


As the Tangent of an Arch or Angle, is to the Co- 


Arch; ſo is the Co-ſecant of the latter Arch, to 


And by changing the ſecond and third Terms, a 


. 
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Tangents, are changed into their Complements, it 


Sines to be turned into Secants, it would be done on!) 
by taking their Complements; but then muſt the ſe- 
cond and firſt Terms change Places one with another. 


If it were, As Tangent 10 to Tangent 20% 


fo Tangent 52* to t. 69 15. 


It would alſo be, As t. 80˙ to t. 70 ſo t. 38 
to t. 20” 45% x: h 


. That if the two latter Terms of any Proportion 
being Tangents are only changed into their Comple- 
ments, it infers a Tranſportation of the firſt Term 
into the ſecond Place. IT 57 

As in the Example above, As t. 20% to t. 10%; 
ſo t. 33* to Tangent 20? . be 5 


5 3. If the two former Terms of a Proportion being 


likewiſe infers a change of the third Term into the 
place of the fourth. | „ 


And then if the fourth Term be ſought, it will hold: $ 
As the ſecond Term to the firſt, ſo is the third Term | 
(as at firſt propounded) to the fourth. =, 
| Ps E 

In the firſt Example: As t. 70: t. 802: : t. 52%: t. v 


69 I 5. 


4. A Proportion wholly in Secants, may be changed 
into a Proportion wholly in Sines, without altering 
the order of the Places, only by taking their Comple- 
ments; and the Converſe. | 

Tf it were, As ſe. 80“: ſe. 70?:: ſe, 60? : ſe. 100 

It would alſo hold in Sines,*As s. 10%; s. 20? ::5. 
30? : 8. 80". | | 


5. If the two latter Terms being Secants, ſhould be 
changed into Sines, and the Converſe, if they were 


It 


7 
J 
1 
8 


8. 42's 
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If the Proportion were, As s. 12": 8. 42? :: ſe, 36 
ſe, 75 26“. 1 17 45 5 
It would alſo hold, As s. 42* :$. 12" : : 8. 54:5. 
14 34+ NT 


6. That if the two former Terms of a proportion 
in Secants, ſhould be changed into Sines, and the Con- 
yerſe; this would infer a changing of the fourth Term 
of that Proportion into the place of the third : But 
the third Term not being that which is ſought, the 
Rule to do it, would be to imagine the two firſt Terms 
to change places, and then to take their Comple- 
meats. | | | | 
If the Proportion were, As ſe. 36": ſe. 75 26':: S. 
12? 29 4 | 
It would alſo hold, As s. 14* 34:8. 54 :: 8. 12: 


7. Two Terms, whether the former or latter, in 
e as a Sine to Tangent, may be 
varied. 

For, as the Tangent of an Arch, to the Sine of 
another Arch; ſo is the Co- ſecant of the latter Arch, 
to the Co- tangent of the fomer. . 

And by tranſpoſing the order of the Terms, 
As a Sine, to a Tangent; ſo is the Co-tangent of 


the latter Arch, to the Co. ſecant of the former. 


8. Laſtly, Obſerve that if four Terms or Numbers 
are Proportional, their Order may be ſo tranſpoſed, 
that each of thoſe Terms may be the laſt in Proportion: 
and ſo of any four Proportional Terms, if three be 


given, the other that is wanting may be found. 


Thus, | * 3 
As Firſt to Second, ſo Third to Furt. 
As Second to Firſt, ſo Fourth to Third, 
As Third to Fourth, ſo is Firſt to Second. 
As Fourth to Third, ſo is Second to Firſt. als 
5 | | e 
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The Rules being well underſtood, it will be eaſy 
to vary each of the ſixteen Caſes of right angled ſphe- 
Tical Triangles ſix ſeveral ways, as I ſhall plainly 
ſhew, in the Pages next following, 


We will begin with the Firſt Caſe, and ſhew all its 
Variations, 2 | 
The Proportion you will find to be (as in Caſe l. 
| 95 dae 
1. As Radius: s. AC:: s. A: s. BC. 
But we may ſay, 

2. As ſe. c. AC: Rad.: : s. A: s. BC. | 
Becauſe (by the 2d Theorem, Pag. 108.) As Radius 
to s. AC, ſo is ſe. c. AC to Radius. 

3 Again we may ſay, | 

3. As ſe. c. A: Rad.: : s. AC: s. BC. ” | 
Becauſe, As Radius tos, A; ſo is ſe. c. A to Radias. 

— cn: 

4. It may be, As s. 4:kc AC:: Rad.: ſe, c. BC. 
Becauſe, As Rad.: s. BC: : ſe. c. of BC : Radius. 
Thea by inverting the Proportion in the ſecond, 
and two laſt Terms of this, 

Again it may be ſaid, 

5. As Radius: ſe. c. A:: ſe. c. AC: ſe. c. BG. 
By changing the Sines in the two laſt Terms in 
the third Proportion into Secant Complements, 

and tranſpoſing the two firſt Terms; 
Again we may ſay, 
6. As s. AC: Rad.: : ſe. c. A: ſe. c. BC. 
By changing the Sines in the two laſt Terms of 
che firſt Proportion into Secant Complements, and 
tranſpoſing the two firſt Terms. 


Thus have you the Proportions varied fix Ways 
which are all the ways it can be varied. 


We will next ſhew how to vary the Proportions in 
the Second Caſe, which is in Sines and Tangents. 5 
1 5 e 
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The firſt Proportion by the univerſal Propoſition 
is, As ct. AC: Rad. :: cs. C: t. BC, 

| But we may ſay, 

2. As Rad.: cs. C:: t. AC: t. BC. 

Becauſe, as the ct. CA: Rad.:: Rad.: t. AC, 
. Again it may be, 

3. As cs. C: ct. AC:: Rad.: et. BC. : 
Becauſe as Rad.:t.BC : : ct. BC: Radius. Bat 
becauſe BC is required, therefore the Co-tangent 
of AC and the Co- ſine of C in the firſt Propor- 
tion, muſt change places, and alfo the Co-tangent 

of BC and Radius in this. | 
I Again we may ſay, 

4+ As ſe. C: Rad.: : t. AC: t. BC. | 
Becauſe, from the ſecond Proportion, as Radiu 

to the Co-ſine of C, ſo is the Secant of C to 

Radius. 1 | 
- 34.2 Again it may be ie 

5. As t. AC: ſe. C:: Rad.: ct. BC. For, 

From the two firſt Terms in the third Propor- 
tion, as the cs. C: ct. AC:: t. AC: ſe. C. 
Again it may be ſaid, | 

6. As Rad.: ct. AC:: ſe. C: ct. BC. | 
Becauſe, as t. AC: Rad. : : Rad.: ct. AC in the 
fifth Proportion. i 3 


From what has been ſaid in theſe two Examples, 
the Rules for varying Proportions being well under- 
ſtood, it will not be difficult to vary any Proportion 
which can offer it ſelf. Therefore I ſhall ſay no more 
and _ it, only ſet down all the Variations of the othes 

ales. 


aus 


1 : 1 As 
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As R.: t. A:: cs. AC : ct. 


FITC cs. AC : : Rad. : ct, C £( 


As t. A: ſe. AC:: R. : T. 


As R. : ec. AC 1 
As ſe. c. BC: R.:: ſe. c. AC: 0 * Caſe 
As fe.c. AC: ſe. c. BG:iR:: £0. 7* 


As s. BC: s. AC ::R. : ſec. A 
As R. : ſe. c. BC :: s. AC: ſe.c 


— —ñ—1'ʃ 


As t. AC: R: : t.BC: © 0. . 


As R. : ct. AC: - © BC : 2 
As ct. BC: R.: : ct. AS: c. 
As ct. Ac: ct. BC :: R: ſe. 8 * 3 


mn. n 


AA 8 


As R. : t. AC : 2 Ct BC : ſe. C 
R. :: t. AC: ſe. C 


As cs. AB : cs. AC : 2 cs. BC 
As R. : ſe, AB : : CS. AC: cs. BC 
AS ſe. AC: R. : ſe, AB: cs. BC Caſe 6. 
As cs. AC: R.: : cs. AB : ſe. BC EY e 


As R.: ſe. AC: : cs. AB : ſe. BC 
As ſe. AB : R. :: ſe. AC : ſe. BC 


2 [As t. A: R. t. BC: S. AB 


I ASR.: ct. A :: t. BC : 5 AB fon 
As ct.BG : R :: a Ss. AB Ca 


So R. : ct. BC ITY ſe. c. AB. 
As ct. A: * ct. BC: Th 7 ben 


1 8. Spherical Trigmnometry = 


As R. : 8. BG :: A : 


As cs. BC: R. 2 1 cs. 12 * 

| | As ſe. A: N:: i BC: * : 
2 ſe. BC : ſe. A: Ren Nos” 8 ale Os 

; 4 * cs. BC: 215 A: ſe. c. C 9 8 | 


As cs. A: R. N cs. BC: + {e.c. C 


ag rr os. 


—— — ——— 


I 4 A BC K 2: AC 
| A R. : ſe. c. A:: $.BC : s. ac } 

31 As ſe.c. BC: R. : og A: „A e 

4 As s. BC: s. A:: R.: ſe. c. AC (Caſes. 
5 As R. : ſe. c. BC :: = A: ec. AC 

61 As ſe. c. A: R. :; ſe.c. 1G 2A 


FE t. BC 


As R. : t. A:: 8. AB : t. BC ) 

As ſe. c. AB: R. :: t. A: t. BC 

As s. AB: ct. A:: R.: ct. BC Caſe Fe: 
ASt A: bete. AB: *R.-5 6 BE "v9 

As R. : ct. A: « {ec AB : ct. BE 


As R. : Ss. C:: cs. BC: = 3 

| As feixg, Co: Ke Nes, BE: 3 0 
BC: R.:: C: cs. "A 

As cs. BC R. : ſe. c. Cle A Caſe it, 
ASR.: ſe BG : : {eG : "8 

As 10 2 : ſe. BC :; ſe. A 


I As t. ABER: —— 
2| ASK. AB: - IS. A : IM 
31 As AR 2 RO AP 16 A Cas 

41 As cs. A: R.:: t. AB: t. A aſe 14 
Ae ABI "fe. A: t. N 

6 As R. : t. AB: ; fe. t. AC 


—— ee prong, ——— • äU—ẽ en... ' 


1 z 3 1 A 
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. . BC : t. A 

2 As t. BC: s. AB : Ä 

. ;&.BC :: 5. AB þ at. 

4 As R.: ſe. c. AB :: t. BC: Caſe 13 
5 | As ct. BC : R. :: ſec. AB > 9 

6 As ſe. c. AB : ct. EC: R. 8 c. A 


5 — . — 


| As Rc: ce BG : : cs. AB: cs. AC 
As ſe.BC: R. :: cs. AB: cs. AC 
| As ſe. AB: R.:: cs. BC: cs. AC 
As cs. AB : ſe. BC : „ R. 2 ſe. AC Caſe 14. 
As R.: ſe. AB: i BC: ſe. AC 05 


54 
2 
3 

141] 
5 
6 As cs. BC Es. : ſe. AB: fe. AC 


— — — A 


1 As s. C: cs. A cs. BE 
| 2| As R.: ſe. c. C:: cs. 1 cs. BC 
31 As ſe, 4 R. :: ſe. c. G: os. BC 


H As cs. A: 0 B. 16. i 3 ſe 15. 


5; As R.: ſe. A 2 50 ſe. BC 
[5] As ſec. C: R. :: ſe. A: fe. BC 


—— — 


R. ct. C:: ct. A: es. AC 2 


— — — — — — 


—ä — — 


1 ; OD 
2 As t. C: R. 1 cs. AC 

3 As t. A: R. 5 ct. C: cs. AC Ca 
4 As ct. A R. :: t. C: ſe. AC 0 ſe 16. 
9 | | 
6 


As R. x *1,G: 16. AG 
| As . C- ar ny 6 


— — — — e — 


Thus have 1 gone thro all the Variations of the 
ſixteen: Caſes of right angled ſpherical Triangles : | 
ſhall proceed to the Reſolution of oblique angled ſphe- 
rical Triangles, in the next 3 with the Varia- 
tions of rear Proporiiols- | 


CHAP. 
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— 


ERA. 
The Solution of oblique angled Spherical Triangles. 
N oblique angled ſpherical Triangles; if the 
things given and required be oppoſite, they are 


ow by the third Axiom, as in the two following 
Cales,=" | 


CASE I. 


\ Two Sides, and an Angle oppoſite to one of them, 


being given, to find the Angle oppoſite to the 
e | 


Let the Sides BD 18˙ 47“ and 
BC 42” 51', and the Angle C. 
23 30“ be given; to find the 
Angle D, oppoſite to BC. 
As s. BD 18* 477 A. C. o. 4921572 
To s. C 23? 3007 9. 6006997 


So is s. CB 42 51 9.8325609 , | 
| 8 — — — 8 D 
Tos. D 5% 2% 94.524778 Þ 9 8 
Here it may be doubtful whether this Angle D be 
obtuſe or acute, that is, whether it be 57 22, or its 


O 


the Complement to 180%, that is 122 38“, which in this 
= 1 Example it is ſappoſed to be. i | 
obe- In ſome Caſes the Affection of the Angle fought 


cannot be determined from what is given. 

Such Caſes are, when the given Angle is acute, and 
the oppoſite Side leſs than a Quadrant, and the adja- 
cent or other Side greater than the oppoſite Side, and 
its Complement to a Semicirdle alſo greater than the 
oppoſite Wt”: TYPE OE 


I 3 Alſo 


— 
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Alſo when the given Angle is obtuſe, and the oppo. 

ſite Side greater than a Quadrant, and alſo greater 
than the other Side, and greater than the Complement 
of the ſaid other ſide to a Semicircle. 


rr & 


— — 
— — 


CASE Hh 


Two Ang les and a Side oppoſite to one of them being 
een, o find the Side oppoſite tothe other 


Let the two Angles C 23? 

G 30', and D 122" 38, and the 

Side BD 18 47' be given; to 
find the Side CB. 


As s. C 23? 30 A. C. 0.3993003 
To s. BD 1847“ 9. 5078428 


(5 220) $ 9-9253037 


| | To s. CB 425 51' 9.832448 
In ſome Caſes the Affection of the Side ſought cannot 

be determin'd from what is given. 1 
Bauch Caſes are, when the given Angle is acute, and 
the oppoſite Side leſs than a Qnadrant, and the other 
Angle greater than the former Angle, and its Comple- 
ment to a Semicircle alſo greater than the ſaid Angle: 
Alſo whea the'given Angle is obtuſe, and the oppo- 
ſite Side greater than a Quadrant, the other Angle 
being leſs than this Angle, and its Complement to a f 

Semicircle alſo leſs than this Angle. In all other Caſcs 

The determination js certain. 3 ͤͤ ð 


ET — ͥ A 


There be ten other Caſes in oblique angled ſpheric Or 
Triangles, which may be reſolved by the Catholics ſy 
Propoſition (by two Operations at the leaſt) and that | 
mol: fitly, by reducing the oblique re amo th 
V „ JJ ES right 
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. 9 1 Triangles, by letting fall a Perpendi- 
Ap 8 


Angles C and B, and the Side CB 
be given, and the Side CD re- 


cent Angle B; and the three Terms 


119 


The Perpendicular muſt be let fall in ſuch manner 
as that the rectangled Triangle may be reſolved from 
the three things given in the oblique angled Triangle, 
and that by two Operations only, as this Rule 
teacheth. „ 


General Rules for let ing fall the Perfendultr. 


1. T ET the Perpendicular fall from the extremity 
of a given Side; and let it ſubtend an adjacent 


Angle given. And beſides, 


2. If the three things given be conterminal, let it 
alſo fall from the extremity of the Side ſought, and 


let it ſubtend the Angle ſought. 


In the Triangle BCD, let the 


quired. 

The Perpendicular CA is let fall 
from the extremity of the given 
Side BC, and ſubtendeth the adja- 


given being conterminal (in this 
Example) it alſo falleth from the extremity of the re- 


8 Side CD, and ſubtendeth the Angle ſought 


ut if the Perpendicular BE, be conſtituted accord- 
ing to the firſt part of the Rule, then the Triangle 
may be reſolved, but not at two Operations, for 
which one thing's ſake the ſecond part of the Rule 
comes to be obſerved, and that in thoſe two Caſes 
only; for in the other the firſt part of the Rule 
ſuſficet n. . . i 
The Perpendicular falls within the Triangle, when 
che Angles at the Baſe (or Side upon which the Per- 
CC pendiculag 
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pendicular falls) are both of one Species, vix. either 
both obtuſe, or both acute; but without the Triangle, 
if one be obtuſe and the other acute; as in theſe 
Examples. | wes 

C 7 „„ 0 


The Perpendicular being rightly let fall, the firſt 
Operation will be in the firſt Triangle, viz. in that 
wherein three things are given : and that will be either 
for finding of the vertical Angle or the Baſe, and that 

by the univerſal Propoſition. F 
Firſt, If an Angle be ſought, then firſt let the ver- 
tical Angle be found, unleſs the Perpendicular fall 
upon a known Side. . 
Secondly, If a Side be ſonght, let firſt the Baſe be 
found, unleſs the Perpendicular fall from a known 
Angle (for then the contrary muſt be obſerved 
every way.) | Ws 

The fecond Operation conſiſts in comparing the 
two Homogenial Terms of both Triangles. between 

themſelves, viz. of the Hypothenuſes with the ver- 
tical Angles, or with the Baſes; and alſo of the the 
- Angles at the Baſe with the ſame, _ 1 one 
1 „ Ty. For 


a Y md was . 


3 PA «cs 


— 
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For the Homogenial Terms of each Triangle, are 
proportional, and Homogenial in the Sines and Tan- 
gents of the circular Parts. 2 3 2 
As in the oblique angled ſpherical Triangle BCD, 
reduced into the two right angled ſpherical Triangles, 
ABC, and ACD, by the Perpendicular CA: I ſay, 
that in the Sines and Tangents of the circular Parts, 
it will be, | 
As the Sine of the | 
Baſe AB, ©. 
| To the Co-tangent of | | 
the Angle'at the Baſe B; 
So is the Sine of the 
Baſe AD, . 
To the Co-tangent of 5 
the Angle at the Baſe, D. 


(2) N 


s 
; 
: 


A Np 


For the Perpendicular AC being aſſumed, the Baſe 
AB in the firſt Triangle ABC, will be the middle 
Part; then the Complement of the Angle at B, and 
the Perpendicular AC, are the Extremes Conjunct: 
Therefore by the univerſal Propoſition, _ 

As the Tangent of AC is to Radius, 

So is the Sine of AB, to the Co-tangent of B. 

In like manner in the ſecond Triangle ADC; the 
Baſe AD will be the middle Part; and the Comple- 
ment of the Angle at D, and the Perpendicular 'AC, 
are the Extremes Conjun@ : wherefore, | 

As the Tangent of AC, is to Radius; . 

So is the Sine of AD, to the Co- tangent of D. 


Wherefore (by the 11 Pr. 5 Lib. Euc. ) it will be, 


As the Sine of AB, to the Co-tangent of B; 
So is the Sine of AD, to the Co- tangent of D. 


And there is the like reaſon of demonſtrating in 
the other Parts; for the Perpendicular ſhall be always 
one (and the ſame) of the Extremes in both 9 gles 

5 + Where. 


* 
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Wherefore, to determine a 2b bee of two Ho- 
mogenial Terms of both Triangles b 


both with the Term given, and the Term ſought in the 
Lecond Triangle, that it may be underſtood which of thoſe 
may be made the middle Part, and which is the one 
Extreme, and of what kind it is; whereupon Sines 
or Tangents may be fitted to them, according to the 
Univerſal Propoſition, to which do anſwer in all 
thinys the Homogenial Parts of the firſt Triangle: 
then the Perpendicular being rejected, together with 
the Radius, we compare the middle Part, and one of 
the Extremes in the firſt Triangle, with the middle 
Part, and one of the Extremes of the ſecond, as is 
done before, and as will be manifeſt in the eight fol- 
lowing Caſes. 5 
Faving thus laid the Foundation, I ſhall next pro- 
ceed to ſolve thoſe Eight Caſes, both by letting fall 
a Perpendicular, and alſo without a Perpendicular, 
by help of the two following Axioms, invented and 
demonſtrated by Mr. Oughtred, in his Trigono- 
metry. . * 


AXIOM I. 


As the Sine of half the Sum of two Sides, 

To the Sine of half their Difference; 

So is the Co-tangent of half the contained Angle, 

To the Tangent of half the Difference of the other 
Angles. 8 „„ | 

Again: | | 

As the Co-ſine of half the Sum of the Sides, 

To the Co-fine of half their Difference; 

So is the Co-tangent of half the contained Angle, 
Io the Tangent of half the Sum of the other Angles. 


Axion 


| etwixt themſelves, 
we muſt imagine the Perpendicular to be compared 


\ 


AXIOM II 


As the Sine of half the Sum of two Angles; 


To the sine of half their Difference; 
So is the Tangent of half the interjacent Side, 
To the Tangent of half the Difference of the other 
Sides. ee e 5 

Again: | 
As the Co-ſine of half the Sum of the Angles, 
To the Co- ſine of half their Difference; 
So is the Tangent of half the inter jacent Side, 
To the Tangent of half the Sum of the other Sides. 


—_— _—_ — 


—— * 


and the Angle D be re- 
auired. | 


. 


CAS E III. 
Two Sides BC, and BD, and the contained Angle 


B, being given, to find either of the other Angles, 


Let the Side BC be 30? 
oo', the Side BD 42* o, 
and the Angle B 36* p08“; 


: 4 £ 
2+ 048 uu eee "by 


The Perpendicular CA 
being let fall by the 
ſecond Rule, Page 119, 


then in the Triangle ABC, there is given the 


 Hypothenuſe BC, and the Angle B, to find the Seg- 


ment of the Baſe BA, the firſt Operation; wherein 
the Complement of B is the middle Part, and the 
Complement of BC, and the Segment BA, Extremes 
Conjunct; and the firſt Operation will be the ſame as 
jan . TR 


As 
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As the ct. BC 30' oo 10.238 56 
To Radius - 10. 
So is cs. B 36* 8.“ 9.90722 


* 


To t. BA 25 00 9.56866 
Subtract BA 25 from BD 42“ o, there remains 
. 


Next we muſt compare the Angle B, the Segment 
BA, and the Perpendicular AC; in which we ſhall find 
BA the middle Part, and the Complement of B, and 
the Perpendicular, Extremes Conjun& : and ſolikewiſe 
4n the Triangle ACD, the Segment AD is the middle 
Part, and theComplement D, and AC, Extremes Con- 
junct; therefore it will be, | | 


As Sine AB 25 Ar. Com, 0.374052 | 
To the Tangent Compl. of B 36* 8 10.136615 
So Sine AD 17” og Os 9.469636 


To the Tangent Compl. of D 46* 18' 9.980303 


| To find the Angle BCD, | 
The Perpendicular DE in the former Figure being 
— A N | 
As ct, BC 42” ogf 10,043277 
To Radius | | Ee: © 
So cs. of B 36" 080 9.907222 


To t. BE 36" 10 5 9.863945 


From 36* 10 ſubtra& BC 30 O0 and there remains 
'CE&S1c&. 


Then ia the Triangle BDE, compare the Angle B, 
the Baſe BE, and the Perpendicular DE, and you will 
kad BE the middle part, and the Complement of B, 


The Angle 3 
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and the Perpendicular DE, Extremes ConjundQ 3 and ia 
the Triangle CDE, it will be CE the middle Part: 
therefore the ſecond Operation will be, 


As s. BE 3 10! | Ar. Com. 0.229048 

To ct. B 36? 08 | 10.136615 

So s. CE 6* 10 9.03 1089 
To t. DCE 76* oO 9. 396752 


The Complement of 76 to 189" is 104” oo, the Au- 
gle BCD. 


To find the Angles by Axiom 1 1. Page 122. 
As s. of half, the Sum of the Sides BC and 


BD 36% 04/4 | OE 
To s. of half their Difference 604 + 9.024608 
So ct. of half the Angle B 18˙ 4. 10. en. e 
To t. of half the Difference of the other 
Angles 28" 51' ; HTO 
| * % of half the Sum of the Sides 36 5 0.092456 
To cs. of half their Difference 6 o 9.997553 


So ct. of half the Angle B 18 04/ 10.486507 


To the t. of half the Sum of the other 
Angles 75 O90 
Add and Subtr. 28 51 


BCD 104 oo the Sum. 


CBDC 46 18 the Difference: 


CASE 


7 * 
Fd 
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4851 


The two Angles B and C, and the Side incladed 
between them, BC, being given; to find the Side 
VVV 


Let the Angle DCB be 36 
o8', the Angle CBD 1045, and 
the Side CB included 30? oc. 
HFaving let fall the Perpen- 
dicular from the extremity 
of the known Side BC, ſub- 
i tending the adjacent known 
3 Angle CBA, and the Angles 
B being of different kinds, the 
N Perpendicular falls without the 
Triangle; then in the Triangle ABC is given the Side 
BC 30 oo, and the Angle CBA 56 oO (the Com. 
plement of 104”) to find the Angle BCA, which is 
done by Caſe 3. Chap. 8. thus: 


As ct. of B76*00' 9.39677 
To Radius 10. 
So cs. of BC 305 od 32793753 


To ct. of BCA 164“ | 10.54076 


Then if the Side BC, the vertical Angle ACB, and 
the Perpendicular AC be compared, we ſhall find the 
Complemeat of the vertical Angle ACB, the middle 
Part; and the Complement of the Side BC, and the 
Perpendicular AC, Extremes Conjunct; and in the 
Triangle ADC, the Complement of the vertical 
Angle ACD is the middle Part, and the Complement 
of DC, and the Perpendicular AC, Extremes Con- 
junk. Wherefore the Operation of the Homogenial 

arts in both Triangles, will be thus: A 
f 9 


et ů —ů—ů—r—M—————ß—ñ——————ßç——.—— ——-—-V — 
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: 127 
As cs. of ACB 16* 04/ 0.017304. 
To-ct.of BG. 207 ho” . ©: -10-238560 
So is cs. of ACD 52˙ 12/ 9.787394 
To ct. of DC „ 5 10.043258 


required. 


cond Part of the Rule, Page 119. we next find the 
vertical Angle CBA, by Caſe the 3d. Chap. 8. thus: 


Subtract 57 42' from 104? oo“, and there remains 


AB be compared ; we ſhall find the Comp, of the 
vertical Angle CBA the middle Part, and BC and 
AB Extremes Conjunct; and the other vertical Angle 
ABD is the middle Part in the ſecond Triangle, and 
it will be the Co- ſines of the vertical Angles, and Co- 


| cal 


portion of the Homogenial Terms will be, 


Having let fall the Perpendicular BA, by the ſe- 


on. OE 10. 136615 
To Radius DG," 6 

So is cs. BC 30? oo 9.937531 
To ct. CBA $7" 42 = $.800916 


the vertical Angle ABD 46? 18'. Then if the Side 
BC, the vertical Angle CBA, and the Perpendicular 


tangents of the Extremes BC, and BD: and the Pro- 


MY $4 
— 
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As cs. CBA $97” 42 | Ar. Com, 0.273172 
To ct. BC 30% oO 10.238560 
So is cs. ABD 46* 18 „„ "Yu 


To ct. BD ace | | 10.350136 


By having the Angles B and C, and interjacent Side 
Bc, (as before) given; to find the other Sides, with- 
out a Perpendicular, by Axiom 2, Page 123. . 


As the s. of half the Sum of the Angles _ _ 3 
| Band C 70% 04/5 ©02 830 
To the s. of half their Difference 33 56“ 9.746811 
So is t. of half the included Side BC 1 5* oo” 9.428052 
To the t. of half the Difference of they 

© other Sides g* 02/ 5 un: 

A Gs. af hatf th f th "IM 
s CS. o the Sum of the Anples 

- B and C 10 10 0.467339 

To cs, of half their Difference 33* 56' 9.746811 

So is t. of half the included Side 15% oo 9.428052 


To t. of half the Sum of the other = 5 
8 Sides 33" 57! & 9.814306 
Add and ſubtrat 9 o2 | 


The Sum 42 og the Side CD. 
The Diff. 24 oß the Side BD: 


Here the half Difference added to the half Sum, 

gives the greater Side; and the half Difference being 

ubtracted from the half Sum, the remainder is ths 
leſſer Side ſought. | S | 


Cas8 


fall from the extremity 
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, 4 , 
"7 ff: W or. a + ; ; 
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Two Sides, BC and CD, and the Angle B oppoſite 
to one of them, being given, to find the compre- 
Hase Angle CCC. 0 
Let the Side BC be 30˙ oO, and CD 24® O, and 

the Angle B 36 8 “. „„ 5 
The Perpendicular let 


of the given Side BC, 
ſubtends- the given Angle 
B, and falls within .the © 
Triangle, becauſe the An- B 


gles at the Baſe are both 


acnte. 5 „ | "7 
la the Triangle ABC we have given (beſides the 
right, Angle) the Side BC and Angle B; to find the 


vertical Angle ACB : which may be done by Caſe 1. 


Chap. 8. thus. 


AER TO. 0 10.136615 
To Radius 5 1 65 
So is cs. BC 30? oo! , 

JJ MASS 9.800915 


Having thus found the Afigle BCA in the firſt Tri- 


angle, we muſt next conſider the homogenial Terms in 


both Triangles; which will be the Side BC and the 
Angle BCA in the firſt, and the Side CD and Angle 
AC inthe ſecond Triangle. Now the Side BC, the 
Angle BCA, and the Perpendicular CA in the firſt, 
being compared, we ſhall find the Comp. of BCA the 


middle Part, and the Comp. of BC and CA Extremes 


Conjunct: and likewiſe in the ;ſecond Triangle the 
e 5 RRM C18 10 .£ Comp. 


"1 
g 
; i 
1 
is 
$1 
+ 
104 
i 
in 
uf 
j 


Comp, of ACD will be the middle, and the Comp. of 


Ass ct. BC 30 ff Ar. Com. 9.76 1439 
Io cs. BCA 57 427 | 9.727827 
So ĩs ct. CD 2404 3 10,350058 
To cs. ACD 46* 19 4 7 ie 39324 


Angle BCA 57 42, the Sum is 104? oO, the whole 
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CD and AC Extremes: therefore it will be, 


If this Angle ACD 465 18/ be added to the former 


Angle BCD require. 1 
Suppoſe the Sides BD 42* og', and CD 24 og, a 
and the Angle B 368“ were given; to find the com- 5 
prehended Angle D. Gs 0 | C 
. The Perpendicular AD t 


B being let fall from the 
extremity of the given 
Side CD, ſubtends the gi- 
ven Angle B, but falls 
without the Triangle, be- 

| 7 cauſe the Angles at the 
Baſe, B and C, are of different Species. | | 
In the Triangle ABD we have given the Side BD, 


and the Angle B, to find the vertical Angle BDE; 
thus. R 
| 1 
As ct. B 35 o8˙ 3 10.136615 8 
To Radius 85 10. 
So is cs. BD 42 og 9.870047 T 
To ct. BDA 61* 34 | | 9.733432 | 
Having found the Angle BDA, we muſt next fiad T 
the Angle CDA; wherefore we muſt compare CD, the So 
Angle CDA, and the Perpendicular DA; and we 


ſhall find the Comp. of CDA the middle Part: _ . 
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the ee ABD, the Comp. of the Angle BDA, is 
the middle Part; and the Sides DB and CD are the : 
homogenial Extremes n wherefore it will be, 


As ct. BD 42 of - i 956723 
To cs. BDA 61 534, ants 4; 9.677731 
So is ct. CD 24 *. 00 10.350058 


To cs. CDA 13˙ 1 30 3.58412 
: If this Angle CDA 1 &f I 3 1 ſubtracted from the 


whole Angle BDA 61? 34, there will remain al 1 
for the Angle BDC required. 


Again, we wil ſuppoſe the Sides BD 42 99 7 oe 
CD 24 04', and the obtuſe Angle at C oe oO, n 5 
to find the comprehended Angle D. 

The Perpendicular DA 
being let fall from the ex- 
tremity of the given Side 
DC, ſubtends the given 
Angle ACD, (the Comp. 
of BCD.) Firſt, find» the 
verticle Apgle ADC, thus. 


As ct. ACD 76 5005 an: Com} of: 6 ©; 3 
: BCD 1040 p $ 9390771 
To Radius „„ 

5 So i is cs. DC 24 04 999.9, 
7 To the ct. ADC 15 16 10.563734 

51 | Ms ED 5 

As ct. DC24' , 8.649942 

To cs, ADG 1 155 16, (0151 24 25:14 Sn_ 

So is ct. BD 42 og 10.043277 

— — 

To cs. ADB 6134 9.677616 


we 


Ra From 
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From ADB 61 34 ſubtract ADC 1 — 165 and there 
remains 46* 18', the Angle BDC required 


Having the Sides BD 42 og and DC 24% 04/, _ 
the Angle C 104? oo, given, to find the contained 
Angle D, without the help of a Perpendicular. 


thus. 
| nl 10 42 70 1 B 0 Cem; 0.173225 
o s. of the oppoſite Angle 10 
or 76s) PP 55 4 las: 9:986904 
So is s. Side DC 24' 04 9.610446 


— ͤ — 


To s. of the oppolite Angle B 365 08 5 9770579 | 


Thus have we two Angles and their oppoſite Sides, 
to find the other Angle; by the Inverſe of either of 
the Proportions in the firſt Goren? 122. the for- 
mer will be, 4, 5 


Ass. of half the aſſerence of the Sides? /; 


W022) ? 2803579 
To t. of half the difertule of a 

Angles 33* 56' 44 9. $2789 
| ty half the Sum of the Sides 53 er 


= = £ . LIM 


— — 


To ct. of half the Angle Me 7 10. 368545 


og 


So if 23? og be doubled, it —_ 46? 18, che Angle 
D, the ſame as before. 

If the Sum of the given Sides be more thun a Semi- 
Fircle, in that Caſe reſolve the e rr 


J f 


CASE 


By the firſt Caſe of this "OY find the ae ho 


* 
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Wy CASE VI. a 
Two Sides BC and CD, and the Angle B, oppoſite 


to one of them, being given, to find the third Side 
... 25x - 


Let the Side BC be 30% oo, CD 24* oF, and the 
Angle B 36008”, 8 ; 
"he Perpendicular AC 
being let fall, the given 
Triangle is thereby redu- 
ced into two rectangled 

Triangles, ABC and ADC; 
in the firſt is given (beſides 
the right Angle) the Side 


BC and Angle B; to find the Segment of the Baſe, 
BA (by Caſe 2. Chap. 8.) thus. 


As ct. BC 30? 00 10. 23856 * 
To Radius - 


10. | 
9.907222 


9.668661 


So is cs. B 36? o8/ 
To t. BA 25" oO 


Then if BA, BC, and the Perpendicular AC in the 
firſt Triangle, be compared, we ſhall find the Comp. 
of BC the middle Part, and AB and AC Extremes 
Disjunct; and ſo likewiſe will the Compl. of CD be 


the middle Part in the ſecond Triangle : therefore it 
will be, 9 
As cs. BC 30? oo Ar. Com. 0.062469 
To cs. BA 25* oof BY 9.957276 
So is cs. CD 24* 4 | 9.960505 
To cs. AD 17% 0 my 9.980250 
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Add AB 25*00' to AD 17 og', the Sum is 42 C0 
the whole Side BD required. 155 * * 
But ſuppoſe the Sides BC and BD, and the Angle 
C, given; to find CD. +23 WAS. 5 THRAG Ut 


B Let BC be 30? oo', BD 
A2 og, and C 104“. 
The Perpendicular BA 
being let fall, in the Tri- 
angle ABC we have given 


'D 


the Side BC, and Angle * 
1 A BCA (being the Compl. 
of BCD) to find the Baſe AC; thus. 
As ct. BC 30˙ 0 ä 10.238561 
To Radius . | 10. | 
So is cs. ACB 76 of . 9.383675 
To t. ACT" 57 oh reps a Nr I 
Then in the Triangle ABC, if BC, AC, and the - 8 
Perpendicular AB, be compared, we ſhall find the T 
Compl. of BC the middle Part, and AB and AC Ex- Side 
tremes DisjunQ ; and in the Triangle ABD, the Compl. 
of BD will be the middle, and AB and AD Extremes: — 
therefore it will be, 13 | 
As cs, BC 3000 Ar. Com. 0.062 469 Toa 
To cs. AC 7* 57 9.995806 3 
So is cs. BD 42" 9 9.870047 2 
| | : 
To cs. AD 32* on 9.928322 1 
5 „ | et 
lee if AC 70 57 be ſubtracted from AD 322? 01 369 08 
there will remain CD 240 04/. CONTI” | - — 
” Fir 


Having the Sides BC and BD, -and the Angle — 0 
C (as before) given, to find the other Side CD, s. 
without letting fall a Perpęndiculaa. PFirſt, 


Chap. 9. Spherical Trigonometry. 135 
Firſt, we muſt find the Angle D oppoſite to the 


other given Side BC, 5 Caſe 1, of this Chapter ; 3 
thus. 


As 8. BD 420 o Ar. Com. 0.173229 
To s. BCD 104 (or 76 its Comp.) 9.986904 
So s. BC 300 oO | 9.698970 
To s. D 46* 18/ 3 9.859103 


Then by the Inverſe of either of the Proportions 
in the ſecond Axiom, find the Side CD, thus. 


As the s. of half the Difference of the? 


Angles 28517 $ 316493 
To the s. of half their Sum 75 og 9.985247 
So is t. of or the Difference of the 

Sides 69 04/ 4 n 
2 1 . of half the Side required n 4 328985 


Then if 12 02/ be doubled, it makes 24? 04“, the 
| Side CD en 2 22 


CAS E VII. 
Two Angles Band D, and the Side BC oppoſite to 


one of them, being given; to fu che Side BD 
included between them. 


Let the Angle B be 

| 369 o8', and D 46 18“, 

and the Side BC 300 oo. 
Firſt, find the Seg- 


ment of the Baſe AB 
this, MY 


K 4 


n ; * R 
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As ct. BC 305 oo 1023836 
To Radius e eee 
So is cs. B 369 08/ VVV 9.90722 


10 t. AB 25% oo Fee” 9.66866 


Then the Angle B, the Baſe BA, and ener 
lar AC, being compared, AB is found to be the mid- 
dle part, and AC and the Compl. B Extremes Con- 
junct; and in the other Triangle, AD is the middle 
Part : therefore i It will be, 


As ct. B 36? 08 | 9.863385 
Te s. of AB 29% 0 V 9.625948 
So is ct. D 46 180 E 9.980285 


— — — 


To s. AD 17 og | 9.469618 


Add AB 250 00' bo AD 170 09', the Sum is 42 
o9', the Side BD required. 


Let us ppl the Angles B and C, and the Side 
BD given; and let BC be required. 
Let B be 360 oP, C 

lo, and BD 42 os. 
In the Triangle ABD 
we have given (beſides the 
right Angle A) the Hy- 
pothenuſe BD, and the 
Angle B; to find the Baſe 

AB 3, thus. 1 


As ct. BD 420 e eee 9.836773 
” Radius o 
o.iecs, 1 38 588 „ang 772 


* e 58 85 g — | — 
To t. BA 360 100 9.863945 
2 a | Then 
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Then if the Angle B, the Baſe AB, and Per pendi- 
cular AD, be compared, BA will be the middle Part, 
and the Compl. of B, and AD, Extremes Conjunct; 
and AC isthe middle Part in the Triangle ACD: 
therefore i it will be, 


As ct. B 36 08 0863384 | 


Tos. BA 36010 _ 9.770952 
So is ct. DCA 76e (the Compi of BCD 

1040 : £ 9.396771 

Tos. AC 6 _-_ 8 9.037708 


If AC 6 1o' be ſubtracted from BA 369 100 „there 


remains BC 30? oO. 
Let the Angles B and C, and the Side BD be given; 
to find BC (as before) but without a Perpendicular. 


Ry: we muſt find the other oppoſite Side CD, 
t us 


As s. BCD 1049 (or its Compl. 769) 


Ar.Com. £ 0.OLZO96 


Tos. BD 429 o/ 9.826771 
So is s. B 360 087 9:770606 
To s. CD 24204 9.6 10473 


Then by the Inverſe of either of the Proportions i in 


the ſecond Axiom, find BC thus. 
As cs. of half the Difference of. they 


two Angles 332 560 a, 0.081085 
To cs. 5 half their we 709 oa 1 9.53 2660 
So t. of half the Sum of the two 8 es) g. 
„ 8 9.814312 
To t. of balf the third Side 1 5® o 9 428057 


Then if 159 oo“ be doubled, it makes 302 oO, the 
die BC fought, 8 CASE 


0 2 = 
E 2 LN; +, 3 * 
— 


* 
— . 5 — Y 
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* 
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a ws >& 4s bh a 
Two Angles B and D, and the Side BC oppoſite to 
one of them, being given, to find the third Angle C. 
Let B be 36 08“ and 
8 D 46? 18', and the Side 
BC 30 o. 
A / Firſt, find the ver- 
D tical Angle ACB, thus: 


4. 


As ct. B 36° O8 _— 10,136615 

' To Radius | 10. | 
So cs. BC 30% 00 9.937530 A 
To ct. ACB 5% 427 _ 9.800915 ; 
Then in the Triangle ABC, if the Angles B and A 
ACB, and the Perpendicular AC be compared, the Ce 
Comp. of B will be the middle Part, and the Comp. of be 

ACP, and AC, Extremes Disjunct; and ia the other 
Triangle ACD, the Angle D will be the middle Part: 
therefore it will be, 7 | | 
As cs. B 36? os Ar. Com. 0.092778 + 
To s. ACB 57“ 42/ 9.926991 f 
So is cs. D 46* 18 9.839404 I 
To s. ACD 46˙ 18) 6 9.859173 the 
Thea if ACB 5% 42/ be added to ACD 46* 18, L 
the Sum will be 104 oc/, the whole Angle Cc. = 
8 dicu 


| e 
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Again, ſuppoſe the Angles B and C, and the Side 
BD, given; to find the third Angle p. 


In the Triangle ABD, 5 

there is given the 
Angle B, and Hypo- 
thenuſe BD; to find 
the Angle ADB; thus. 


A C Es: 
As ct. B 36* o08/ - 10.136615 
To Radius | Og | 10. 
So cs. BD 42 0 9.870047 
To ct. ADB oi ns 9.733432 


Thea in the Triangle ABD, if the Angles B and 
ADB, and the Perpendicular AD be compared,. B 
will be the middle Part, and AD and the Comp. of 
ADB will be Extremes Disjunct; and in the Triangle 
ADC, C will be the middle Part, and AD, and 
8 of ADC Extremes Disjunct; wherefore it will 
us) 


As cs, B 36* o8 . Ar. Com. 0.092778 
To s. ADB 61 34 9.944172 
So 1s cs. ACD 76* (the Com. of BCD 104?) 9.383675 


Tos, ADC 15* 16' | 9420625 


If ADC 15? 167 be ſubtracted from ADB 61* 34/, 
there will remain 46* 18', the Angle D required. 


Let B.and C,. and the Side BD be given (as 
— to find the third Angle D, without a Perpen- 
dicular. | 7 

fn CD oppoſite to the other Angle B, 
| | us. 5 55 8 | 


8 * 


As 
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As s. C 104 90 (or 76? its Comp.) A. 8 0.01 3096 


To s. BD 42% of . 9.826771 
80 8. B 360 o8' „ 98.77 60⁰ 
Tos s. co 24% o 5 9.610473 


Then by either of the Proportions in the firſt 
Axiom inverted, | 


As cs, of half the Difference of the Sides 2 
B bd and CD 9? 027+ 5 ssl 
To cs. 10 _ — Sum, 3 ; 067 NEG 9.923057 
So t. of hal the Sum o the Angles 3 
| 6 70® : Es ; 1 =. 10.4405c8 
To ct. of half the containe ng | | 
23® og £ 10.368995 


Theo if 230 09' be A will * 400 iP, the 


Avgle D required. 


Baſe AB; thus. 


CASE IX. 


Two Sides BC and BD, and the Angle B compre. 
hended between them, being given, to 955 th 
third Side CD. 


Let BC be 300 C0, 
. BD 42* o and the 
Angle B 36908, 
Ia the Triangle 
ABC, there 1s given 
the Angle B, and 
the Hypothenoſc 
BC; to find the 


As 
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As ct. adi 30? O0 10.23856 
2 jos Or 0 GE 27 
Tot. AB 25, 00 EY "5.66866 


Subtrakt AB 25 oof from BD . os 3 and there 
remains AD 17 V3 

Then AB and BG, and the perpendicular / AC be- 
ing compared, we ſhall find the Complement BC the 
middle Part, and AB and AC Extremes Disjunct; 


_ 


— — ee ECO - 
<P SAT — —— —  — 


2 , 
; — x — 


— 


_—_ 4 = 2 3 9— 9 2 —— . 
. : — 5 x — — rat oe — 
— M nn . * 
— og — a 
. Me nn doing <ahary—=— BY — — — — k — 
8 K _=— — 2 


r 


and the Comp. of CD will be the middle Fart in the 9 
other Triangle : an it will be, 2 71 
As cs. AB 27% | "Ar. Com. 0.042725 | 
To cs. BC 30 00, . * 9H 9.937531 Ti 
So cs. AD. 175 of... 190 35 121120 9. 9880247 4. 
To 00 c 24 of 9960503 
1 9 BC3 305 — and c 24004) and 
aue comprebended Angle: 5 


C, given; to find the Side 
b. 

in the Tri riangle KD, 
is given che Hyß Hypothenuſe © 1 | 
CD, and Angie ACD; | 
rofind the Baſe AC, Thos, 


As ct. "on 246 04. BW oy 10.350038 
ToRagins” 1.75 47 + 3 oY a+ 30h 
do cs. ACD 769 os - D 9.383675 


— 


To t. AGE 10 % DIPLETGD: e 


Add AC 6 10 to Bc 300 ol, the Som i is 36,7 10 „ 
the whole Baſe AB: then it vil be, 


| _ 
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5 Part [. 

As cs. . AC 601 Ar. Com. 0.002521 
To cs. DC 24 04. 9.960505 
So is cs. AB 360 10 9.90703 
To cs. BD 42 fr 8 Nene 


Mr. Collins olves this C ter the lows 
a wif 1 1 wo 


| 
7: If both Sides a are equal, then it will be, 


As the Radius to the Sine of the common Side; 
So is the Sine of half the Angle to the: Sige of 
half the Side ſought. 


2, In all other Caſes, one or both of the including 
Sides being leſs than Quadrants, it will hold, 


Ret ook © to the Co-ſine of the Angle i Its 

6 

So is the Tangent of the leſſer Side to the Tan- 
gent of a fourth Arch. 


If the Angle included be leſs than 90, ſubtraQ the 
fourth Arch * the other Side; but if it be more, 
from the other Side's Complement to 1800. The te- 


mainder is called the Reſidual Arch. Then, 


As the Co-ſine of the 4th Arch to the Co-ſine 
of the Arch remaining, 
So is the Co-ſine of the leſſer Side to the Co- due 
of the Side ſought. 


When the contained Angle is acute, and the reſidual 


Arch more than 90˙, or when the ſaid Angle is ob 


tuſe, and the reſidual Arch lefs than a Quadrant, the 


Side ſought is greater than a Quadrant; inall an 
Caſes * | 5 VU , r 
0 


2 
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To reſolve this Caſe without 4 Perpendicular. 


I ſhall here make uſe of Mr. Collins's Proportion; 
which is haus. 


As the Cube of Radius is to the ReQangle of the 
comprehending Sides, | 
N. is the Square of the Sine of half the contained 
Angle, | = | 
To half the Difference of the verſed Sines of the 
third Side, and of the Arch of Difference between the 
two including Sides. | | N 


Which is thus; double the Log. Sine of half the 
Angle given, and thereto add the Log. Sines of the 
containing Sides, and from the Left-hand of the Sum 
daſh out 3 for the Cube of Radius; ſo reſts the 
Log. of half the Difference of thoſe two verſed Sines. 
Which half Difference doubled, and added to the 
verſed Sine of the Difference of the Legs or containing 
Sides, gives the verſed Sine of the Side ſought. 
* We will ſuppoſe (in the former Triangle) the Side 
BC 30? oO, CD 24 o4', and the Angle C 104 oO, 
given; to find the Side BD. 

The Log. Sine of BC 300 oo 9.698970 
The Log. Sine of DC 24 04/ 9.6 10446 

The Log. Sine of 520 (half 1040) doubled 19.793064 


The natural Sine againſt 39.102480 


Is 1266318; which doubled is 4 2532636 
e natural verſed Sine of 52 56“ (the) | 
diff. of the Sides) > POS 0053572 


The Sum is the natural verſed Sine of © 
429 og), the Side 5) 7 2586208 


E 
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If the Logarithm of the Number 2 be added to the 
Logarithm of the middle Terms, we ſhall have the 
Log. of the whole Difference in the laſt place; having 
found it, take the Number that ſtands againſt it in the 
natural Sines, and add to it the natural verſed Sine 
of the Difference of the Legs, and the Sum is the na- 
tural verſed Sine of the Side ſought. 

Example. Ia the Triangle OE, let there be given 
the Side OZ, the Comp. of 
the Sun's Altitude JESS, 

. and the Side ZP the Comp. 
of the Latitude 390 oo“, 
with the Angle included 
Ok 115; the Sun's Azi- 
muth from the North; to 
find the Rn oP, the Sun $ 
diſtance from the ad Pole. | N 
The Log. Sine of 700 F 9.97 63646 
Log. Sine of 390 oo E 9. 7988718 
Log. Sine of 579 30 doubled 109.8520584 
Log. of 2 v 20 3010300 
The natural Sine 3 we 35 27320 
Is 8458830 | 
Add 1508746 the natural verſetlSine of 316 53 „ the 
Diff. of the Legs. 
Sum 9967576 the natural verſed Sine of 895 49 the 
| : Side Op ſought, 
Note, If the Sum of the four Log. Sines be more 
than Radius (after 3 is daſl'd out) look for it in the 
Log. Secants, and take the natural Secant that ſtands 
againſt it, and to that add the natural verſed Sine of 
the Difference of the Legs; the Arithmetical Comple- 
ment of the Sum is the natural verſed Sine of the Com- 
plement of the Side ſought, to 1800. . 
Example. The Side OZ 709 53/, and the Side ZP 
38* 28”, and the Angle ©ZP 1459, being given, to find 
OP. 
5 The 
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The Log. Sine of 70? 530 9.973646 
The Log. Sine of 38. 287 97938317 
The Log. Sine of * 30 Wer 109.9588390 
The Log. of e. | _  0-3010300 
The natural gecant againſt 19344 10,02906 F3 

1s 10692463 | 
Add I — the natural verſed Sine of 32* 7, the 
- Diff. of the Legs. 
12250743 


The Arithmetical Combined. 7749257 is the 
verſed Sine of 77, whoſe Complement to 180 is 
103˙, the Side OP e 80 the Sun's Declination 
is 13 South. D 8 


This Proportion is of great uſe for calculating the 
Diſtances of Places on the Earth by their Latitudes and 
5 Longitudes, and of the Diſtances of Stars by their 
5 Declinations and Right Aſcenſions, or Latitudes and 
- Longitudes; but it is of very excellent uſe for calcu- 
— lating the Sun's Altitude at all Hours, for it finds two 
Altitudes at one Operation, the double Rectangle be- 

ing fix'd for that Declination, thus: 

Add the Logarithms of the Number 2, and of the 
Co-ſines of the Declination and Latitude together, the 
Sum may be called the fix'd Logarithm; double the 
Logarithm Sine of half the Hour from Noon, and add it 
to the fix d Logarithm, the Sum (rejecting 3 towards 
the Left-hand, for the Cube of Radius) is the Loga- 
rithm of the Difference: Take the natural Sine that 
ſtands againſt it, and ſubtrad it from the natural Sine 
of the Meridian Altitude, and there remain the 
natural Sines of the Altitudes ſought, _ 

If this Difference cannot be ſubtracted from the Sine 
of the Meridian Altitude, it argues the Sun hath no 
Altitude above the Horizon; in this Caſe ſubtra& that 

from this, and there EIS the natural Sine of 
t he 


re 


le- 
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the Sui.'s Altitude for the like Hour from Midnight! in 
e | 


Example. Let it de required. to calculate the Sun's 
Altitude, when he hath 237 3o/ both North and South 
Declination for the Latitude of London, at 2 and 5 a 
Clock ia the Afternoon, or (which is ain wm for the 
Hours 10 and 7 in the Morning. | 


Sine of 280 28' Compl. Lat, 22 „ 
Sine of 66 30 Compl. of Declin. 9.623978 7 
* of the Number 2. o. 3010300 


1 The fixed ene 20072595 
Log. Sine of 15* doubled, add 18.82 59924 


The neareſt nat. Sine againſt it is 764290 8.88325 19 


The Summer Meridian Altitude is 61 580 
And its natural Sine is 8826743 | 
From which ſubtracc 764290 the Difference found. 


2 Remains 8062453 the nat. Sine of 53* 44 
The Summer Altitude for the Hours 10 and. 
The Winter Meridian Altitude is 14 2888190 
99's and Its, natural Sine $ 
 SubtraQ the ray Difference. 764290 


| Winter Allirade 8 1823950 


for the Hours of 2 and 10. 


The 
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The ſame Dex. for the Altitude of 5 and 7. 


Fixed Number 200572595 
Sine of Half the Nous from, Noon: 198688947 
. 37? zol doubled: 4 95 94 
| The natural Sine againſt it is 4228819 396261 _ 
TRE Meridian Altitude 2588 190 


.  Refts 164c629the nat. Sine 
"of 9 0, , acumen Altitade fo 5 in the Morning, or 
7 40 Night. 4517125 


The Summer Meridian Altitude as befvre 8826743 
The former Difference | | 4228819 
Reſts the natural Sine 13 279 22/ 4597924 
the Summer Altitude for 7 in the Morning, or 3 


in the Afternoon. 


The Side fought. may, be greater than, a Quadrant, 


and ſo be doubtful ; but we may determine, 


That when the. Legs are of the, ſame, kind, and. the 
Angle comprehended acute, the Side ſought. is leſs than 
a Quadrant, 

And when the Legs or containing Sides are of a dif- 


ferent. kind, and the Angle obtuſe, the wy gs is 


greater than a Quadrant, 
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CASE X 


Two Angles Band C, and the interj acent Side BC, 
being given; 10 find the third Angle D. 


Let the Angles B be 10,4, : 
_ C 36% 08/ and BC 30 00. 
In the Triangle ABC, there 
is given the Angle ABC, and 
the Hypothenuſe BC; to find 
the vertical Angle AcB. 
| As ct. ABC 76* oo 9.39677 1 
1 ( 
So is cs. BC 30" oof, 9.93753 
To ct. ACB 1604“ 10. 54076 0! 
Add ACB 16* 04' to BCD 36? o8/, the Sum is 52 
12“, the whole Angle Ac). TR! 4t 
Then in the Triangle ABC, the oblique Angles, | ful 
and the Perpendicular AC being compared, the Comp. me 
of the Angle ABC is the middle Part, and the Comp. | 
of the Angle ACB, and AC are Extremes Disjun&; 
and in the Triangle ACD, the Angle D is the middle the 
Part: therefore it will be, OE IO! | * 
As s. ACB 16* 04 Ar, Com. 0.557903 \ 
To cs. ABC 76? oO 9.383675 and 
So is s. ACD 52 120 ” 9.897712 pr. 
| = — nn eſs 
To cs. D 46* 19 9.8302 rut 
Mr. 
ry W 
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Mr. Collins delivers theſe following Proportions to 
OO: Solvethis Caſe. | 
I. If both the Angles are equal, it will be, 


As Radius to the Sine of the Angle given, ſo is 
the Co- ſine of half the given Side, to the Co- ſine of 
half the Angle ſought. 


In all other Caſes not belonging to right angled 
„„ EN 


As the Radius to the Co- ſine of the inter jacent Side, 
of a 4th Arch. 


If the interjaceatSide be more than 90s, ſubtra& the 
4th Arch from the other Angle; but if leſs than co, 


| ſubtract the 4th Arch from the other Angle's Comple- 
| ment to 1802, noting the reſidual Arch. 

b | Then, „ 

z As the Co-ſine of the 4th Arch, to the Co- ſine of 
e the Arch remaining; | 


| So the Co- ſine of the leſſer Angle, to the Co-ſine o 
the Angle ſought. | 


When the interjacent Side is leſs than a Quadrant, 
and the reſidual Arch more; or when the interjacent 


leſs, the Angle ſought is obtuſe; in all other Caſes 
acute, 


Ss L is Example, 


* 


So is the Tangent of the leſſer Angle, to the Tangent 


” 


Tf one or both of the given Angles be acute, it holds, 


Side is greater than a Quadrant, and the reſidual Arch 
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ample. In the Triangle OZp, let there "SER 
Toes , the Angle of Poſition at 
O 21* 28“; the Angle at 
P the Hour from Noon 
33 47; and the Side 
Ob, the Sun's diſtance 
from the elevated Pole 
103? Oo, to find the Sun's 
P Azimuth ©ZP. | 


As Radius to as; of oof the 
Compl. of 103" EY * g 8 9.352088 


n 9.594656 


To t. of the Oy Arch 5 03/ OS | 8.946744 


From 337 at the greater Angle, 
Subtract T5 oF: the 4th Arch. 


Remaias 28 44 44 the reſidual Arch, 


| Then, 
As cs. of the 4th Arch 5˙ Ar, Com. o. oo 1689 
To cs. of the reſidual A8 26 44 9.942933 
So is cs. of the leſſer Angle 21* 28' - 9.968577 
To cs. e 68.973395 


Whoſe Complement to 180 is 14 * the Angle 
ſought; this Angle is obtuſe, becauſe rhe interjacent 
=_ is more than a Quadrant, and the reſidual And 
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CASE XL. 


Sides BC, CD, and BD, brig given; to 
e find the An gle D. 


Let BC be 300 oo', CD 24” 04, and the Baſe BD 
42* OY. 
BC 300 00 
CD 24 04 
Sum 54 04 half . 27 2 
54 94. — 
Dif. 5 56 half Diff. 2 58 


Thea to find the Segments of the Baſe, ſay, 


As t. of half the Baſe 21%4 T Ar. Com. 0.4141259 
To t. of half the Sum of the Sides 27 02' 9.7077902 


80 i 5 mY half the Difference of the Ns 8 71453 45 


Tot of half the Diff. of * Segments 4 
the Baſe 30 8 8 8364506 


Agd and ſubtract = 1 gh r the half Baſe. 


o 
————— DIES — var 
Fa "Ty Py ” - SEE : bags, "4 *** — — — png — — — — 

© . * — y a — 2 ahaha * . * — 

* Pu . p * * " 4 — hg CONT EITS mio ed. -- 3 : hw 

— * — 12 4 2 ' 4 "x — 8 - 

Don ot” A x - — ä 

7 2 . ry —— — 7 * "x . 

* — — — — — — *%=, a Hae 
. 1 rr 


Sum 25 oo+ the Segment AB. 


Diff. 17 08+ the Segment AD. 
L 4 I ̃ ben, 


Arbe. HR 

As t. of half the Baſe 12 02 Ar. Com. yy ate 
To t. of half the Sum of the Sides 36004 9.8624560 
So is t. of half the Diff. of the Sides 69 47 9.02705 50 


To t. of half the Diff. of the Seg- 


#. : 


Again, BED EG, 
As Rad. to t. Baſe AD F 288955 
So f is ct. D 42²⁰ o 10.043 2767 


Add the balf Baſe 12 02 


To. of the AngleD required 46*18/ 


Sph erical Tr igonometry = art J. 


1. 
Then, - | 
As Radius to t. AD L9708% 9.489165 | 
So is ct. CD 24 04 5 10. 3 500 583 
65 To cs. the Angle D 46 ig 1 ; 9. 8392238 
Again, 


C In the Triangle BCD, let 
| the Side BD be 24 0% BC 
300 O0, and DC 2497; and 
let the Angle D be required. 

| Half the Baſe BD is 12* 
o2/, and 


36 4' 7, and 


As Half the Diff. of the Sides 
3 62 3 | | 


— 


ments 190 590 


Sum 32 of, the vi DA. 


Half the Sum of the Sides 


'$ 9.5607957 


9.839347 


To 


let ©Z the Complement 
of the, San's Altitude be 
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3 To ſolve this Caſe without a Perpendicular, by m= 


4th Axiom. 


% b 


In the Triangle O25, 


50 0o', SP 752 oo' the 
Sun's diſtance from the 
elevated Pole, and ZP © 
39" oo' the Complement 


of the Latitude; to find the Angle 2 the Sun's A- 


zimuth from the North. 


1. By thefirſt Proportion, Page 76. 


J OP oppoſite to Z = 75" oO 
| 07 50* O0 E Nets is * 37 30 
2 9 00 ar Difference add and ſubtract 5 30 
Diff. 1x 00 | Sum 43 0 
Half 5 30 8 | Diff. 32 O0 


Then it will be, As the 8 of the Sines of 50 
oo” and 399 oo”, the Sides comprehending the Angle 
required, is to the Square of Radius; ſo is the Ret- 
angle of the Sines of 430 oo' the Sum, and 32000“ the 


Z required. | 
Therefore, firſt ſet down the Arithmetical Com- 
plements of the Sines of the containing Sides, and 


the Sum of all them will be the Sine of half the : Angle 
ne Thus: : | 


TY þ 


: OZ 


Difference, to the Square of the Sine of half the Angle 


under that the Sines of the Sum and Difference; half 
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©Z 50* 9.11574 
ZP 39 5%? Comp. Arith. 5 Sine ©. 3 


The Sum 43˙ oo' Sine 9.833783 


The Diff. 32 o Sine 9.724209 


— —— 


The Sum 1 '9 P7486 


The half of the Sum of the Log. vines is 


the Sine of 59? 39 FI 9937433 


— 


Doubled is 119 58 the Angle Z, the Azi- 
muth from the North part of the Meridian, 


Again, Let the Aogle P, the Hour from e. be 


required. 


or 75" oo 02 zoppoit to P 305 oo“, 7 25 oo 
ZP 39 oO Half Do add and ſubtra 18 oo 


Diff. 36 oo Sum 43 0 
Half 18 0. c Diff. 7 0 


©P 75' oO 1 1 Los the Sine . 01 3056 


£P 39 00 of the Sine 0-201128 
The Sine of the Sum 43. 9.833783 

The Sine of the Diff. 75 9085894 

Sum 19.135861 

2142 9:367930 


— 1 \— 


Doubled is 43 24 the Angle P. 


which is the hour from Noon, that is 53 min. 36 ſe- 
conds paſt 2 ia the Afternoon; or 6 min. 24 ſec. paſt 


9 if it was in the Morning. 
2. By 


Vo ky Q, me 
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Sides, is to the Square of Radius; fo is the Rectangle 
Square of the Co- ſine of half the Angle required. 


Then again. 


> 0 By the ſecond Proportion. Page 79. 


Add all the three Sides together, and take half the 
Sum, and from that ſubtract the Bafe (or Side oppo- 
ſite to the Angle required) then, 5 

As the Rectangle of the Sines of the comprehending 


of the Sines of the half Sum and Difference, to the 


Z 50 o ©Z'50* 0 Ar. Com. 0.115745 

ZP 39 oo | ZP 39 co Ar. Com. 0.201128 

Baſe P 75 oo | Half Sum 82" oo! Sine 9.995753 
Diff. of the Baſe and 


r - — 


— cas, 


„ 


my balf Sum, Sine $ 9.005894 | 
The Sum 64 oo - — — | 
e | Sum 19.398521 
Half 82 oo | —— — 
3 — 30? 01 9.699260 
Diff. | . 


OO RE 
Which doubled is 60 02 whoſe Com- 
plement to 180 is 119? 58/, the Angle 
Z, the ſame as before. : 


T his Caſe 'is uſually ſolved upon the Sliding Rule, 
or upon Gunter's Scale, by the Merhod following, 
(which is the ſame in effe& as the Proportion above) 
Vie | SET b | | 

As Rad, to one of the containing Sides 50?, ſo is 
the other containing Side 39* to a fourth 28? 49%. 


As that fourth to the half Sum of the Sides $2*, ſo 
is the Difference 7 to a ſeventh Sine 14 30“; then 
divide the ſpace between 14* 30' and go? into two equal 
Parts, the middle Point between them will be at 
39' 017, half the Complement of the Angle, as before - 


Bat 
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Bat if you have verſed Sines upon your Rule, you 


will find againſt the Sine of 14* 300, the verſed Sine of 
17 1 58, the Angle required, the ſame as before. 


3. By the third Proportion, Page 80. 
Where it is, As the Rectangle of the Sines of the 


half Sum of the three Sides, and of the Difference of 


the Baſe, and the ſaid half Sum, | 

To the Square of Radius; 

So is the Rectangle of the Sines of the half Sum of 
the Baſe, and Difference of the Sides, and of the Diffe- 
rence of the Baſe and Difference of the Sides, 


To the Square of the Tangent of half the Angle ſought: | 


OZ 50* oo half the Baſe 37 300 02 50 oo 
25 39 O⁰ half diff. Sides 5 30 2 39 oo 
55 — B ſe © 
Diff 1100 Sum 43 O0 ue? e a 
- | Sum 16 
Half 5 30 Diff. 32 00 wg" RE 
| 3 Half 82 oo 


— — 


Diff. 7 oo 


Half the Sum of the three Sides 820 oo 2 0.004247 


* Gone F 3 | SB 
Diff. of the hal Sum an the Baſe 7 oo 5 
Sine Ar. Com. 09 16106 


Half Sum of the Baſe and Diff. of the 


Sides 43* O0 Sine 9.83376 


af - 9.724209 


— 


. the —_ 32 oO Sine 


20. 5476345 


„Half che Sam is the Tangebt! . 
| half the Angle 5 $0,23817 


doubled 119 58 is the ie Angle 
2 required, CASE 
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; pu e 
The three Angles given, to find the Sides. 


Let the Angle Z the Sun's Azimuth be 119 58“ 
the Angle F the Hour from Noon be 430 24, and the 
Angle of Poſition at © be 34% 22/; to find the Com- 
plement of the Latitude ZP. | 5 


Firſt, We muſt reduce 
the Angles into Sides, 
thus. Take the Comple- 
ment of the greateſt An- 
ple 119* 58/, and that will 
be the greateſt Side of the 
new Triangle, the other 
two Sides will be the ſane „ 
as the other two remaining Angles, See Definit. 6. 


So the Sides of the Triangle © 
ABC, are equal to the Angles | 
of the. other Triangle ©ZP, 
each Side of the laſt Triangle | 
to its oppoſite Angle in the 
firſt; only the Side AB in the 
laſt, is the Complement of the 
Angle Bin the firſt co i 86e: ſ nm 
like wiſe will the Angles in the latter be equal to tlie 
sides in the former, but the Angle C in the latter 
will be the Complement of the Side ©P in the for- 
mer. | | | ; —— 
Having thus reduced the Angles into Sides, we may 
fad the Angle A, which will be equal to the Side Zb 
in the former Triangle, by any of the Proportions in 
the fourth Axiom, or by letting fall a Perpendicular, 
3 ln tene x GLO NE | 
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By the firſt Proportion, Axiom IV. 


AB 60* 02 Half the Baſe CB 17 11 
Ad 4 24 half Diff. add and ſub, 8 19 


— — 


Diff. 16 38 3 Sum 25 30 
+ | — — 6 : A | 
Halt 8 19 * Diff. 8 52 


The Side AB 60® o2“ Sine Ar. Com, 0062324 
The o_ AC 43. 24 — Ph Com. 0.162988 
The half Sum of the Baſe and Diff. o | 
the Sides 25, 3o' Sine 5 9.633580 
ThE half Diff. of the Baſe and Diff. of the 9.19 
Sides 8 52 Sine $94 e 


_19.047199 


| The half Sum is the Sine of £ half Ky, 

| Angle A 190 300 n 

doubled i is the Angle A 39 oo 
Again, let the Angle C (equal to the Comp. of the 

the Side O in the firſt Figure) be required. 


By the ſecond Proportion, Axiom IV. 


Baſe 60* 02/ AC 437 24/ Sine Ar. Com. o. 162988 
43 24 PBC 34 22 Sine Ar. Com. 0.248346 
34 22 | The half Sum 68? 54/ Sine 9.969860 

—— —— | The Difference 8 52 Sine 9.187903 
Sum 137 48 —— — 


19.569097 
Oe] | * 
Diff. 8 2 1 
Half Sum 1 sine 1 go? 3 9.784549 
Which doubled is 75 do the Side OP. 


Whoſe Complement to 180, is the * C. Thi 


Eighth Caſes, may be term'd the donbtful Caſes, be- 
cauſe that three given Terms are not ſufficient Data 
to find one ſingle Anſwer without the quality of a 
fourth: which Is thus demonſtratde. 


Let AD and AC be 3 

tuo equal, Sides is & 
cading; ‚ I . 
DAC, and both of , 
them leſs or greater 
than a Quadrant. 

Draw thro. the B. 
Points C and D, the 
Arch of a great Cir- 
cle CD; continue it, 


* 
* 4 
R 
CE 
8 


and draw thereunto another Arch or Side from A, 


namely AB, neither thro the Poles of the Arch CD, 
nor thro the Poles of AD, ſo that the Angles B, and 
BAD may not be right Angles, nor the Angle ADB: 
If then each of theſe Sides AD and AC; be leſs than a 
Quadrant, the two Angles C and ADC will be acute; 
and if theſe two Arches be greater reſpectively than a 
Quadrant, the two Angles C, and ADC, will be ob- 
tuſe; whence it comes to paſs, that the Angle ADB 
is obtuſe, when the Angle. ADC is acute, and the 
contrary : Now foraſmuch as AD and AC are equal 
to each other, the other Data, wz. the Side AB, and 
the Angle at B, are common. to both; for in each Tri- 
angle ABD, and ABC, there are given two Sides, with 
the Angle at B, oppoſite to one of. them: now theſe 
are not ſufficient Data to find the Angle oppoſite to the 
other Side, which may be either the acute Angle C, 
or the obtuſe Angle ADB, the Complement thereof to 
a Semicircle: Nor to find the third Side, which may 
de either BD, or the whole Side BC; nor the Angle 

included, which may be either BAD or BAC: there- 


fore in thoſe three Caſes we have required the 0 
"9% HR yy OYSTER USGS! FE 
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The Firſt, Second, Fifth, Sixth, Seventh, and 


_—— 
KI a. 
— wa. 


—— 
— 1 — — — 
2 — — — eter SG ae 2 es — 
2 OSA So — ũ mp — 
— na pond $ — r er. 
rr 


\ 
— — — 
— ——— > — oc 
0 — —— 2 4 —_ 0 
. — - — * 
— . — 2 — r OI ITO». N 


—— 
a * 5 
2 * IS 

— 5 oY) - MY 4 2 


— lr ena 
a * — = 
5 4 
— — 0 
6s te WA — ws nr 
, 1 W ren — 
77 dot - 
Ra RE. . 3 es. — — 
U 


en * Y , 
— 2 1 hq 


b 


160 * Spherical Tyigonome netry. Part l. 
of the Angle oppoſite to the. other given Side AB; 
and tho it be not ſo much obſerved in letting fall Pe 
pendiculars, without the knowledge of the quality of 
the ſaid Angle, it could not be determined whether the 


letting fall Per- 


Perpendicular would fall within or without the Tri- 


angle, nor whether the Angle found in the firſt Caſe, 
be the thing ſought, or its Complement to 180; nor 


whether the Angles or Segments found by the' firſt and 
ſecond Operations in the other Caſes, are to be added 


rogether, or ſubtracted from each other, to obtain the 


Side or Angle ſought. 


So alſo two Angles, with a Side oppoſite to one of 


them, are not ſufficient Data to obtain a fourth thing 
inthe ſaid Triangle, without the affection of the Side 
oppoſite to the other given Angle. 


* "= | 


Let AB and AC be two unequal Sides containing 
the Angle BAC, both together equal to a Semicir- 
cle, one being greater, the other leſs than a Qua- 


drant; draw thro the Points B and C, the Arch of a 
great Circle BC; continue it, and draw thereto from 


A another Side AD, but not thro the Poles of AC, | 
nor thro the Poles of BC; ſo that the Angles D, and | 
"CAD may not be right Angles, nor the Angle ACD 


a right Angle; for if it were a right Angle, the Angle 


ABC whereto it is equal, ſhould be alſo a right Angle; 


and ſo the two Sides AB and AC, by reafon of the 
Right Angles at B and C, ſhould be equal, and the 
Quadrants contrary to the Suppoſition. Now that 


the 


© #39 wwe aaa oa... 


825 


* 
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the Angles ACD and ABC are equal, may be thus 
proved: Suppoſe the two Sides. AB and BD to be 
continued to a Semicircle at E, then will the ſaid 
Angle be equal to its oppoſite at B; the Side AC by 
Suppoſition 1s equal to the Side AE, the Complement 
of the Side AB to a Semicircle: but equal Sides ſub- 
tend equal Angles; therefore the Angle at C is equal 
to the Angle at B, or at E: which being admitted, 
retaining the Side AD and Angle at D, we have ano- 
ther Angle oppoſite thereto, either C or B, which are 
equal and common to both Triangles; and ſo, if the 
Side oppoſite to the given Angle at D, were ſought, 
a double Anſwer ſhould be given, either the Side AC, 
or the other Side AB, its Complement to 180: and 
the interjacent Side might be CD or BD, and the 
third Angle the leſſer Angle CAD, or the greater 
BAD. So it is plain, that by only the three Terms 
given, theſe Caſes are doubtful without the affection 

of a fourth 2 0 0 4; 08.39; 5.4 © 
In all ſuch Caſes, where the affection of the Side or 
Angle required is not known, it will be the beſt way 
to delineate the Triangle truly; and by that you may 
commonly diſcern whether it be more or leſs than a 
Quadrant. How to. delineate any Triangle by the 
three Terms given, ſhall be ſhewed in the next 
Chapter. 2 | , 


1 ſhall next ſhew- how to vary t e ſecond Propor- 
tions in each of the Ten firſt Caſes: Which may be 
done by the Theorems laid down in Page. 08, &c. 


The firſt Proportions being right angled Triangles? 


the Variations are already ſhewa.. _ .._ . 


* * 


2 AY | M C ASB 


6 Si Nigam. Fan L 


CASE I. 


The P roportion is, 5 | 
* BD: s. C:: 8. CB: 8. D. gut it may be, 


| As ſe. c. C: ſec. BD; : 8. CB: D By the.Inverſe i 
| of Theor. 6th. 1 
And As s. C: s. BD: : ſe.c. CB: ſec D By the 5th. 4 


As ſec. BD: ſe.c, C: : ſec. CB: ſe.c. D 


the 4th. 
CASE IL 
. The Proportion is, : 
As s. C: s. BD: : s. D: s. CB. But it may be, 4 
As ſec. BD: ſe.c. C :: 8. D.: s. CB By the In- A 
Vverſe of Theor.6th. 
And As s. BD.: s. C:: ſe. c. D: ſe. c. CB By the Stu. 
As ſe. c. C: ſe. c. BD: : ſe.c. D: ſe. c. CB By the 4th. 
c A 8 E III. * 
The ſecond Proportion is, 2 
As s. AB : ct. B:: 8. AD: ct. o 
As t. B: ſe. c. AB :: 5. AB: ct. D By the 3th Theor. 
As ſe. c. AB: t. B:: ſe. c. AD: t. D By the 7th Theor. 
. The ſecond rj is, Fon 
| As cs. ACB: ct. BC :: cs. ACD : ct. DC As 1 


As t. BC : ſe. ACB: : cs. ACD: : ct, DC By the 35 
As ſe. ACB : : BC: : ſe. ACD: t. DC By the th. 


Ly * 
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ASE V 


The ſecond Proportion is, 


As ct. BC : cs. BGA:: — ED': cs. Ach 
As ſe. HCA: SN t ct. CP): cs. ACD'5By the Inverſe 


As t. e 2 t. CD : le; AC of the 7th The, 


CASE Vi, 


The ſecond Proportion is, 

As cs. BC : &. AB: : cs, CD: cs. AD 

As ſe. AB.; ſ&BC: : . CD: cs. AD By the oth Theo. | 
As cs. AB.: '& BC ::{e, C: ſe. AD By the 5th. 

As ſe, BC: ſe. AB :: ſe. CD: ſe. AD By the 4th. 


CASE VII. 


1 The ſecond Proportion i is, 

As &-B:s. AB: : ct. D: 5. A 

As * AB: t. B;: ct. D: s. AB By the th Theor. 
As t. B: ſe. c. AB:: t. DO: ſe. c. AD By the 7th. 


CASE VIII. 


The ſecond Proportion is, 


As cs. B: s. ACB :: cs. D: s. ACD 

As ſee; KEH: ſe- B.:: c D-: 5. ACD- By the cth. 
As s. ACB : cs. B:: ſe. D: ſe.c. ACD By the 5th. 
As ſe. B: ſe. c. ACB : : ſe. D: ſec. ACD By the 4th. 
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CAS E IX. 
3 . a at 4 


| The ſecond Proportion is, 
As CS. AB: cs. BC 2:3 Cs. AD + CS» CD Oe 
As ſe. BC: ſe. AB:: cs. AD: cs. CD By the 6th Theo. 
As cs. BC: cs. AB :: ſe. AD: ſe. CD By the g th. 
As ſe. AB: ſe. BC :: ſe. AD: ſe, CD By the 4th. 


CASE X. 
The ſecond Proportion is, 
As s.ACB : cs. ABC :: s. ACD : cs. PP 
As ſe. ABC: ſe. c. ACB :: s. ACD: cs. D By the 6th, 


As cs. ABC: s. ACB :: ſe. c. ACD: ſe. D By the 5th. 
As ſe. c. ACB: ſe. ABC: : ſe. c. ACD: ſe. D By the 4th. 


Thus have I ſhewed all the Variations, and ſuffi- 
ciently explained all the Caſes both in right and ob- 
lique angled ſpherical Triangles: I ſhall next ſet 
down a Synopſis of all the Caſes in bot. 
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A SyNops1s of the Sixteen 

| Caſesof right angled Spherical 
Triangles, and their Fropor- 
tions. 


* = 2 


Note, That the middle Parti in this Synopſis, whe- 
ther given or ſought, is noted with the Old 
Engliſh rnb LAS 


NM „% „ el 
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A Synopſis of the Firſt Ten CASES of 
_ angled ſpherical Triangles. 


See the three following Figures. 


Caſes| Given A Prdportions- 8 : 


. ©|D| 


$. BD 2 8. 1: S. BC 1 
42 O9: 1042.00/ :: 30% : 46 18 
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II. — | D | 
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| | . 2 BC e 


ct. B.: R :: cs, BC: ct. BEA 
cs. ACB: ct. BC: : cs. ACD: ct. CO 


CD B 


v. C =o : : CS. BC : ct. ACB 


1 
ct. BC: xs. ACc8 :: ct. CD: cs. ACD 


B anc: BO: R ; cs. B; t. AB 
*. [eb {Pls C 


BC: cs. AB:: cs. CD.: cs, AD 


Vll. 5 BO | BD 


. fuk. BE 


ct. BC : R 8 2 cs. B J t. B 
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x. [2B | 


ct. ABT: KN :: cs. BC: ct. AH 


Ss. ACB: cs. A BC :: s. ACD: cs. ADC 
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CHAP, 


| Shewing how to reſolve all the Caſes both of right and 
bblique angled ſpherical Triangles by Projection; 
that is, to project any Spherical Triangle to an- 
ſwer any of the Caſes in ſpherical Trigonometry, ty 
what is given in each Caſe. „ 


| mn I begin with the ſeveral Caſes, it will be 
2 neceſſary to ſhew how to project any Angle with- 
in a primitive Circle, according to any number of 
Degrees given; and alſo to project any greater or 
leſſer Circle of the Sphere, and to find its Pole, and 
to meaſure any part of a great Circle; and to mea- 
ſure any ſpherical Angle, &c 


PRO! 
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PROBLEM I. 
To find the Pole of any great Circle. 
In this Problem are three Caſes. : 


C + SE 1. The Pole of the primitive Circle is re- 
ulred. 280 18 5 
g By Definition the ſecond, the Pole of a great 
Circle is 90 Degrees from it, therefore the Center of 
the primitive Circle is the Pole thereof. 


CASE 2. The Pole of a right Circle is required. 


Rule. From the Chords lay go Deg. on the primi- 
tive Circle from Cor D, both ways, to B or E; fo 
is Bor E the Pole required, 5 8 

CAS E 3. The Pole of an oblique Circle is required. 


Rule. The pole of the oblique Circle BFE is re- 


duired; CD being drawn at right Angles to the 


oblique 
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oblique Circle, and BE at right Angles to that; draw 
BG thro E, and from & lay 90 deg. of Chords 
to H, and draw BH, which will cut AD in a, the 
Pole of the oblique Cirele required. Or the half Tan- 


gent of the Complement of AF, ſet from A to 4, gives 


the Pole. | 


PROBLEM I : 
J Todeferibe a ſpherical Angle. wes 


In this Problem are two Caſes. 


CASE 1. To make an Angle whoſe angular 


Point may be at the Center of the primitive Circle. 


Such an Angle is made in all reſpects like a plain 


Angle. 8 1 
Example. It is required to make the Angle DAI 


equal to 23 3o', whoſe angular Point A is the 


1. With a Chord of 60? (on the Center A) deſcribe 


the primitive Circle BDEC; draw the Diameter CO 


thro the Center, take 23* 3o' from the ſame Line of 


Chords, and ſet from D to I, and draw Al ; and it 


is done. | 


CASE 2. To make an Angle whoſe angular 


Point may be at the primitive Circle, 
Rule, With the Secant of the Angle draw a Circle 

within the primitive Circle. | 1 8 0 
Example. It is required to project an Angle of 45 


deg. whoſe angular Point may be at B, in the primi- 


tive Circle. 8 | | | 
From the Center A, ſet the half Tangent of 44 
(the Comp. of 46% to FE, and with the Secant of 46 
ſet from F upon theDiameter CD(extended if need be) 
deſcribe the oblique Circle BFE, which ſhall eut the 
primitive Circle in the Points B and E, ffaklig the 


Angles | 
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Angles CBF and CEE, each equal to 46 deg. as was 
required. VV 


de de , 715.4 5. any; 
To draw à great Circle thro any Point, ſo that it ſhall 
make apy giuen Angle with the primitive Circle. 


Rule, With the Tangent of the given Angle, and 
one Foot in the Center of the primitive Circle, ſtrike 
an Arch; and with the Secant of the Angle, and one 
Foot in the given Point, croſs the former Arch; 
which Croſſing will be the Center of the Circle to 
be drawn, | 5 . 

Example. Let it be required to draw an oblique 
Circle thro the point L, ſo that it may make with the 
| primitive Circle an Angle of 500“. | 
Note, That the point L muſt be ſo far from the Cen- 

ter A, that the Tangent from A, and the Secant from 

L, may iaterſe& each other; otherwiſe it is impoſlible. 

With the Tangent of 50?, and one Foot in A, ſtrike 
an Arch a4; and with the Secant of 50 croſs it 
with the Arch bþ in the Point Z; ſo ſhall Z be the 

Center of the Circle PLK required to be drawn; 


and if K and P be diametrically oppoſite, it is truly 
drawn, otherwiſe not. ” 


—_— PROBLEM IV. | 
To draw 4 great Circle thro any two Points, given 
| within the primitive Circle, A, 


Rule. Draw a Line thro the Center of the primitive 
Circle, and alſo thro one (always the remoteſt) of the 
two Points; produce that Line till it cut the primi- 
tive Circle: croſs it at right Angles with another Line 
thro the Center; and where this laſt Line cuts the 
primitive Circle, draw a Line from that Point, and 
thro the given Point, which the other Line paſſed thro; 
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on this laſt Line from the Point in the primitive Cir. 
cle, ere& a Perpendicular; and where that cuts the 
firſt Line extended, is a third Point : then (by 5 Pr. 

4 Lib. of Eucl. 1 draw a Circle thro thoſe three aint, 


— q FEY * 5 
— , ,, 


Example. Let it be required to draw a great Circle 
thro the two Points D and E. 
bro A the Center of the primitive Circle, and D 
one of the given Points, draw the Line BC extended 
at pleaſure; and draw FK at right Angles, and draw 
DF; and upon F erect the Perpendicular Fl, cutting 
the Line BC (extended) in I; then thro the three 
Points D, E and I, draw the "Circle HDEI, which 
cuts the primitive Circle in G and H diametrically 


oppolite. 


PROBLEM V. 


To draw 4 great Circle perpendicular to, or et 
right Angles with a given great C ircle. 


A A General Rule. Draw a great Circle thro the Pole 
of paother _ e and it will be at een Angles 


1 
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+0 this Problem are Four CASES. 
CASE 1. To draw the rigbt Circle BAD at right 

Angles with the primitive Circle CDE. 


Draw the right Line thro the Center A, and it is 
done -: 2} „ Sn 54 


CASE 2. Todraw a right Circle perpendicular 
to a right Circle. | 2 4 
This is done by drawing the Diameter EC at right 
Angles to the given right Circle BAD, the Poiats E 
and C being the Poles thereof. 
CASE 3. To draw an oblique Circle at right 
Angles to a right Circle given. ET 
Let BAD be the given right Circle; to draw the 
oblique Circle EFC. | 5 
Draw the oblique Circle thro the Poles E and C, 
and it is done. If it be required that the ſaid oblique 
Circle ſhall make a given Angle with the primitive 
Circle, draw it, as by Caſe 2. Prob. 1. thus. | 
Suppoſe it to make an Angle of 40?, ſet off the half 


Tangent of 50˙ (its Complement) from A to F, — 


by P r ob. 2. 


the half Tangent of 40%, ſet from A downwards to 
2, that Point will be the Pole thereof; and the Secant 
ſet from E to b, and upon b as a Center, ſtrike the Circle 


EFC, which ſhall cut the right Circle BAD at right 
Angles, and the primitive Cirele with an Angle of 4 


as was required. f 


CASE 4. To draw an oblique Circle at right 


Angles to a given oblique Circle. | 
Rule, Find the Pole of' the given oblique Circle, 
and thro that Pole draw a Circle' that may cut the 
+ qa Circle- diametrically oppoſite; and it is 
. 3 = 
Example. Let it be required to draw another ob- 


lique Circle at right Angles to the oblique Circle 


EFC, ia the laſt Figure. 


Draw the Diameter GH, and draw a Circle thro 


the three Points G, 2, H, and it will cut the Circle 


EEC at right Angles in the Point I, 4 being the Pole 


of the Circle EFC, as aforeſaid. 
Note, That if the Point I, in the oblique Circle 


de limited, then draw a Circle thro I, and the Pole 


4, by Problem 3. Or if it be required that the ob- 
lique. Circle ſhall be drawn, ſo as to make a given 
Angle with the primitive Circle, then draw a Circle 


PR O BLEM. VI. 


| To lay am number of Degrees on any great c rcle. 


Tn this Problem are three Caſes. 


CASE 1. To lay any Degrees on the primitive 
Circle. 2 


FKule. This is done from a Scale of Chords, thus; 
to lay 40 from B, in the following Figure, take 40 
from the Scale of Chords, and ſet from B to G; and 


it is done. 


Circle. 


CASE 2. To lay any number of Degrees on a right | 


Rule. 


Z 


Chap. 10. Spherical Trigonametry. 175 

Rule. Fhis is beſt: done by a Scale of half Tangents 
ſet from the Center of the primitive Circle. © 

Example, Let it be required! to lay 30 degrees from 
the Center A upon the right Circle BAD, Take 530 
from the Scale of half Fangents, and ſet from A bo 
F; and it is done. 42 TOTES: 

This may alſo. be done by a Scale of Chords, thus: 
Take 50 from the Scale of Chords, and ſet from R to 
G, and lay a Ruler from C to G, and it will cut the 
right Circle BA ia Ey ſa is; the point F 50 degrees 
from the Center A. | | | 


—— — 
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CASE 3. To lay any quantity of Degrees owan. 
oblique Circle, . | 


e. Rule. Find the Pole of the given oblique Circle 
0 a erm un : 5 
lay the number of Degrees on the primitive Circles 

N and reduce it from that to the oblique Cirele by 
ve * of th, Roles: 1 171 „ = "L*2rI8F_ I 
xample, Let it be required to lay 31 degrees from 

$5 H towards B, in the one (rden 28 
40 Lay a Ruler from B to H, and it will cut the pri- 


mitive Circle in b; then from b ſet 90 of Chords 
to c, and lay a Ruler from B to c; and it will - 
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the Diameter EC in a; ſo ſhall 4 be the Pole of 
the Circle BHD; or if the half Tangent of the Com- 
plement of AH be ſet from A towards E, it will fall 
upon the ſame Point a: then from C, ſet 51 (taken 
from the line of Chords) upwards to d; then lay a 
Ruler upon 4 and 4, and it will. cut the oblique 
Circle in c; ſo ſhall H e. contain 51 degrees, as was 
require. 0 e 87 * 


PROBLEM vun. 
Jo meaſure any part of 4 great Circle, 


This Problem is the Converſe of the laſt, and bas 


\ likewiſe three Caſes. - — 
CASE 1. To meaſure any part of the primitive 
Circle. Eh 

EKRKule. Take the part to be meaſured in your Com- 
pauaſſes, and lay it upon the Scale of Chords, and you 
will ſee how much: Thus, if EG be meaſured upon 
the Scale of Cords, it will be found to be 50 degrees. 
CASE 2. To meaſure any part of a right Circle. 
Rule, If the part to be meaſured lieth next the 
Center of the primitive Circle, meaſure it upon the 
firſt part of the Line of half Tangents; and if it lie 
next the primitive Circle, meaſure it upon the latter 
Part of the half Tangents from go downwards. Thus 
if AF be meaſured upon the Line of half Tangents 
from the beginning of the Line, you will find it to be 


50 deg. but if BF was to be meaſured, it will reach | 


from 90 to 50), ſo that it will contain 40% 
Lou may meaſure a part of the right Circle by 
Chords in the primitive Circle, thus: Lay a Ruler 
from E (one of the Poles of the right Circle BAD) 
and the Point F, and it will cut the primitive Circle 
in 4; then meaſure Cd upon the Chords, and you 
will find it 50% as before. . N 


CASE 


T 


Chap. 10. Spherical Trigonometry. 177 
CASE 3. To meaſure any part of an oblique Cir- 
cle. ; : 
Kue. Find the Pole of the given oblique Circle, 
then lay a Ruler to the Pole and to the extremity of 
the Part to be meaſured, and reduce it to the primi- 
tive Circle, and ſo meaſure it upon the Scale of Chords, 
a bers. > 
Example. Let He, in the oblique Circle BHD, be 
meaſured, Upon (a) the Pole, and (e), the Extre- 


mity of the part to be meaſured, lay a Ruler; 


and it will cut the primitive Circle in (d); meaſure 
C4 on the Line of Chords and you will find it 500. 
Again, Suppoſe the Arch eg (in the oblique Cir- 


cle BHD) was to be meaſured; lay a Ruler from the 


Pole (4) to (e), and it will cut the primitive 
Circle in (d); and lay the Ruler from (a) to (g), and 
it will cat the primitive Circle in (6); then meaſure 
d b upon the Line of Chords, and you will find it 800 
30% which is the quantity of eg required. 


PROBLEM VII. 
To meaſure any Spherical Angle. 
In this Problem are four Caſes; and this is 


A General Rule. A ſpherical Angle is meaſured by 
the Arch of a great Circle, intercepted between the 


two containing Sides, the angular Point being the Pole 


of that Circle. * Fe 
Or, The diftance of the Poles of the containing 


Sides, is equal to the meaſure of the contained An- 


gle. Mo. | 
CASE I. To meaſure an Angle, when the angular 
Point is the Center of the primitive Circle. 


= a | Rwle. 
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Rule. Such an Angle is meaſured on the pri- 


mitive Circle by a Line of Chords. 
Example. Let the Angle GAC be to be meaſured. 
Take CG, and meaſure it upon the Line of Chords, 
and you will find it to contain 50? 300. 


CASE 2. To meaſure an Angle, when the a- 


gular Point is at the primitive Circle. | 
Rule, Find the Poles of the two containing Sides ; 
the diſtance of thoſe two Poles, is the meaſure of the 
required Angle. 5 
Example. Let the Angle FBH be to be meaſured ; it 
the diſtance of A (the Pole of the primitive _— 


and (a), the Pole of the oblique Circle, be meaſure 


upon the Scale of half Tangents, you will find it to 


contain 38%, Or if El be meaſured upon the halt 

Tangents from 90, it will contain the ſame. 
CASE 3. To meaſure an Angle, when the angular 
Point is not in the Center of, nor at the primitive 

„„ | a i 

Rule, Find the two Poles of the two containing 
Sides, and reduce them to the primitive Circle z then 
meaſure the diſtance of them on the L ine of Chords. 
| : Example. 


—— ode cc — 
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Example. Let it be required to meaſure the Anple 
BFH. Lay a Ruler from the angular Point E, and (a) 
the Pole of the oblique Circle BFID; and it will cut 
the primitive Circle in (b): the diſtance of G (the 
Pole of the right Circle) and (b) meaſured upon the 
Scale of Chords, you will find to be 64®, the meaſure 
of the Angle required, 5 
CASE 4. To meaſure an Angle, when both the 
containing Sides are Circles. 
Let the Angle LOD be meaſured. | 
Lay a Ruler from the angular Point O, and the two 
Poles of the oblique Circles (a) and (c), and it will 
cut the primitive Circle in the Points 4, and g: then 
meaſure the diſtance of dg upon the Line of Chords, 
and you will find it 35 degrees, which is the meaſure 
of the Angle LOD required. 


PROBLEM IX. 
J draw 4 Parallel Circle. 
Definition. A Parallel, or leſſer Circle, cutteth the 


Sphere into two unequal Parts, and lieth parallel to 
a great Circle. 5 


In this Problem are three Caſes. 


mitive Circle. | 
Rule, With the half Tangent of its diſtance from 
the Pole, and one foot in the Center of the primitive 
Circle, drawa Circle. , | 
Example. Let it be required to draw a Circle pa- 
ng to BCDE, and 66" 30/ diſtant from the Pole, or 
enter A4. 


CASE 1. To draw à Circle parallel to the pri- 


%%ͤͤ 


— - 
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With the half Tangent of 66* 30' ſtrike the Cir. 
cle GHIK. bg f OED. 


CASE 2. To draw a Parallel to a right Circle. 
Rule. From the Chords, lay the ParallePs diſtance 
from the right Circle, or the Complement thereof 
from the Pole of the right Circle; ſet alſo the diſtance 
from the Center of the primitive Circle by half Tan- 
ous ; then with the Tangent Comp. of its diſtance 
rom the right Circle, draw the Parallel thro thoſe 

three Points. 1 — 
Example. Let it be required to draw a Parallel to 

the right Circle EAC at 30 deg, diſtance. 

Take 60? out of the Line of Chords, and ſet it both 
ways from Bto L, and M, and ſet the half Tangent 
of 30? from A to N; then take the Tangent of 60, 
and ſet from N, upon the Diameter DB extended, 
and where the Compaſs-point falls, is the Center: ſo 
with the Compaſſes at that Extent, and upon that 
Center, draw the Circle LNM, which is the Parallel | 
required. „„ 1 


Cc TE 


Th 
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CASE 3. To draw a Circle parallel to an oblique 
Circle. 1 . | 
Rule. From the half Tangents lay the Parallel's 
diſtance from the Pole of the oblique Circle both ways, 
and note thoſe two Marks, whoſe diſtance is the Dia- 
meter of the parallel Circle; then find the middle be- 
' tween thoſe two Marks, and that ſhall be the Center. 
Example. Let it be required to draw a Parallel to 
the oblique Circle BOD, at 25 deg. diſtance from it. 
Find the Pole of the oblique Circle (a), and mea» 
ſure its diſtance by half Tangents from A the Ceater 
of the primitive Circle, which ſuppoſe to be 45? 3 then 
add and ſubtra& 45 to and from 65 (the Compl. of 
the diſtance) and the Sum is 110, and the Difference' 


(b) (alittle beyond C;) and ſet 20 from A to p, the 
then with one Foot in c, and the other extended to p, 


required. | 
what is given, and reſolve all the ſeveral Caſes 


angles. And firſt, of right angled ſpherical Tri- 
angles. | YI 


CASES , 7, 3, 


and to find the other Parts. 


BAC may be at the primitive Circles Center. 
- 4 Fin 
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20: then from the half Tangents ſet 110 from A, 
upon the Diameter EC extended, which will reach to 


middle between b and p is at c, which is the Center: 
draw the Parallel Qp R, which will be the Parallel | 


I ſhall next project the ſeveral Triangles, from 
both in right and oblique angled ſpherical Tri- 
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| There is given the Hypothenuſe AC 46* 31', and 
one of the oblique Angles, ſuppoſe A 40? on; 
with theſe to make 4 Rectangle ſpherical Triangle, 


1. To make the Triangle fo, that the given Angle 
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| 3 Having drawn the 
primitive Circle, and 

croſs'd it with the 

Iz Diameter, make an 

X Angle of 40 o/ at 

the Center A; and 

ip ſet the half Tangent 

of 46317, from A to 

.  C, and thro the point 

C and at right An- 

.  Bles to AB draw the 

: oblique Circle. 


2. To make the Triangle ſo, that the iven Angle 
may be at the primitive Circle. : gl nele 


After the primi- 
tive Circle is drawn 
INE and quarter'd, draw 
— \ The oblique Circle 
| 10 N | (by Prob. 2. Caſe 2. 
. Fig. a. to make the Angle 
5 Fu BAC 40? : and (by | 
c / Prob. 9. Caſe 2.) at 
46 31/ diſtance from 
& A, draw a Parallel to 
cut the oblique Cir- 
D cleinC; and throC, 
- and the Center ofthe 
primitive Circle draw BD, to cut AB in B, at right 

Angles. E Con S 5 : 

Jo meaſure the things require. 

The Sides AB, and BC, are meaſured, by Prob. 6. 
: thus. 3 : 5 „ W 
_- Jn Eg. the firſt, AB is meaſured by half Tangents, 
and BC is meaſur'd by laying. a Ruler upon the Pole 
of the oblique Circle (a) and the point C, and it 
will cut the primitive Circle in 4: then meaſure D p 
 bpon the Scale of Chords, and you will find it 27. 15 
f 3 5 5 R | 


14 
1 


„ . 
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| in Fig. 2. if BC be meaſured | upon the half Tan- 
gents from 90 downwards, you will find it 27 48“; 
and AB meaſured upon the Line of Chords, you will 
find 38" 56“. 5 255 Fo 

The Angle C is meaſured by Prob, 8. thus. 
Lay a Ruler upoa the Pole of the oblique Circle (a), 
and upon C the angular Point, and it will cut the 
primitive Circle in (e); the extent from (e) to E mea- 


quantity of the Angle C. 


aasee 
There is given the Hypothenuſe A C, and one of the 


Sides, ſuppoſe BC : with theſe to make aright- 
angled Triangle, and to find the other Parts. 


1. Having drawn the primitive Circle, and quar- 
| .ered it, by Prob. 9. draw a Circle parallel to the 

primitive, at the diſtance of AC 46? 31' from the 
Pole A; that is, with the half Tangent of 46* 31/, 
with one Foot on A, deſcribe the Circle, Again, by 
e Fd. 


OE 
— 


ſured upon the Scale of Chords will be 60˙ oo/, the 
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Prob. g. draw a Circle parallel to EF, at the diſtance 


of BC 27 48', which cuts the other Parallel in C. 


Then by Caſe 3. of Prob. 5. draw the great Circle at 


pen Angles to AB, and thro the Point C, and it is 
2. To make the Triangle, that one of the oblique 
Angles may be at the primitive Circle, 
Draw a Circle parallel to the right Circle EF (by 


z 


Prob. 9.) and at the diſtance of 46* 31' from A; then 


(by the ſame Problem) draw a Circle parallel to the 


primitive, at the diſtance of BC from it, which will 
cut the other in C. Thea thro the three Points A, 
C and D, draw the oblique Circle; and laſtly, draw 
the right Circle BC, thro the poiat C, and thro the 


Center of the primitive Circle. 


| 
5 


| To meaſure the things required. 
The Side AB in Fig. 1. is meaſured by half Tan- 
gents, as in the laſt; and in the ſecond Figure, 1s 


' meaſured by Chords, Prob. 7. 


„ The meaſure of the Angle BAC, Fig. 1. is FG mes: 
ſared upon the Chords; and the meaſure of BAC, 


Fg. 2. is EG, and is meaſured upon half Tangents 


 . from 


+= A ey He 2— 
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from 90 downwards; and the Angle C is meaſured 


by Prob. 8. See the laſt. 
So the meaſure of the Side AB will be found 38* 56%, 


. 
* 


2 — 


CASES J, 8, 9. 
There is given the Side BC, and the oppoſite Angle 


' A; to make 4 right angled ſpherical Triangle 
and to find the other Parts. {t 2 


i. Make the Angle A 40? (by Prob. 2.) by ſetting 
the Chord of 40 from E to H, and draw IH thro 
the Center A; then draw the Circle GK parallel 
| to EF, at the diſtance of BC 27 48, which will 
cut Hl in C; then thro the three Points LCD, draw 
the oblique Circle. „„ 55 


L_ 
Ins eb he. 
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Angles may be at the primitive Circle. 


2. To make the Triangle; that one of the oblique 


Draw 
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Draw the Circle ACD, making an Angle 


at the primitive Cir- 
cle A of 40*(by Prob. 
3 Caſe 2.) Then draw 
a Circle parallel to the 
primitive Circle at 


the half Tangent of 
62120 upon t —— 
ter of the primitive 


rallel, to cut the ob- 
lique Circle in C; 
then thro C, and the 
| Center,draw the right 
Circle EB. 
i To meafure what's required. 
The Hypothenuſe AC, and Side BA, are meaſured 
by Prob. 7. 
In Fig. 1. they are both meaſured by balf Tangents; 
and in Fig. 2. AB is meaſured upon the Scale of Chords; 
and AC is meaſur'd by reducing it to the primitive 


Circle, thus. Lay a Ruler upon a, the Pole of the 


oblique Circle, and upon the Point C, and it will cut 
the primitive Circle in b; then A b, "meaſured upon 
the Chords, will be found 46? 31/: The ON” £ 1s 
meaſured as 1 Ws directed, See Prob. 8. 


| | 


L 


CASES W IT, 12. 
There is given the Side AB, and the adjacent Angle 


A; to make the right angled pherical Trove 
and to find the ol her Parts. # 


1, To make the Triangle, that the + Angle 6 may 


Azvigg 


be at the Center of the primitive Circle. 


32 480 diſtance from 
itz that is, with 


Circle, draw the pa- 


ON. DO, my WW 


2 
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_ Having deſcribed the primitive Circle, and uar- 
ter'd it as before; make the Angle A 400 OO _ (by 


Prob. 2. Caſe 1 5 


From the Scale 


of half Tangents 
take 38˙ 56% agd 
ſet from the Cen- 
ter A to B, and 
thro B (by Prob. 
5. Caſe 3.) draw 

the oblique Cir- 
dle at right An- 


gles to AB, which 
will cut the right 


re AC; in C, 


LL To draw the Triangle ABC, ſo that the Angle 
A may be at the primitive Circle, 
Draw the ob- 


lique Circle ACD, 
to make an An- 
gle with the pri- 
mitive Circle at 
A of 40; then 


from the Line of 


Chords, ſet 38? 
| 6. from A to 


B; and by the 


Point B, and Cen- 
ter of the pri- 
mitive Circle, 
draw the right 


Circle, cutting AB at right Apgles in B; and it is 


done, 


To meaſure what is required, 
The Side BC is meaſured by half 

fore directed; the Hypothenuſe AC is meaſured by 

reducing it to the primitive Circle, thus. Lay a 
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188 Spherical Trigonometry. Part T. 
Ruler to the Pole of the oblique Circle a, and to the 
point C, and it will cut the primitive Circle in b 

meaſure A b upon the Line of Chords, and you will 
find it 46* 31, and ſo much is the Hypothenuſe AC, 


The Angle C is meaſured as before, that is, lay a 


Ruler upon the angular point C, and upon 4 the 
Pole of the oblique Circle, and it will cut the primi- 
tive Circle in e: then meaſure Ee upon the Line of 
Chords, and you will find it 60), 


— 2 _—_—_———_— 


CASES 13, 14, 
The two Sides AB and BC being given, to make the 
' right angled ſpherical Triangle, and to find the 
ot her Parts. | Te | 


* - 


1. Having drawn the primitive Circle and quar» 
ter'd it, take 38* 56“ from the Scale of half Tan- 
gents, and ſet from A to B, and thro B draw the 
oblique Circle at right Angles to AB; then draw a 
Circle parallel to DE, at the diſtance of BC 27 
48": then thro the Point C, and the Center A, draw 
the right Circle AC. Soo FE. 


Fig. A. 
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2. To draw the Triangle ABC, ſo that the Angle 
A may be at the primitive Circle. 
With the half Tangent of 62 127 (the _— of 
Bc) draw the Parallel; then take the Chord of 438*® 
6', and ſet it from A to B, and draw the right 
Circle from the Point B, and thro the Center, to the 
Parallel in C; then thro C draw the oblique Circle 
ACD. | 5 


D 


To meaſure the things require. 

The Hypothenuſe AC is meaſured by half Tangents 
in Fig. 1, and in Fig. 2. AC is meaſared by reducing 
of it to the 13 Circle, by laying a Ruler upon 
a, the Pole of the oblique Circle, and to the Point C, 
and it will cut the primitive Circle in ö; meaſure A 
upon the Line of Chords, and you will find it 46* 317: 
The Angle ACB is meaſured by reducipg it to the 
Primitive Circle, as before directed. 
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ATCA Age TIO EE EA III ri 797 1 Ec FRY f 


The two Angles A and C being given, to make the 


"Is. Fu 3 


CASES 15, 16. 


right angled ſpherical Triangle, and to find the 
_ other Parts. 5 
Having drawn the primitive Circle, and quarter'd 


it, draw the oblique Circle ABD, to make an Angle 
with the primitive Circle at A of 40? oo”, 


d A 


oY 


Then thro the Pole of the ſaid oblique Circle 4. 


draw another oblique Circle, to make an Angle with 


the primitive Circle at C, of 60% oo, Thus, with 
the Tangent of 60?, one Foot in the Center of the 
primitive Circle, with the other Foot ſtrike an Arch, 
as at c; and with a Secant of 60?, and one Foot in 4, 
croſs the faid Arch, and where that croſſing is, ſhall 


be the Center of the oblique Circle C B; which ob- 


lique Circle will cut the other oblique Circle at right 
Angles in B, (by Definit. 3. Chap, 6.) and will cut the 
N primitive 


Problem 3. 
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primitive Circle with an Angle of 60 Degrees, by 


— 


e meaſure the things required. 
The Hypothenuſe AC is meaſured upon the Chords; 


the other Sides are meaſured by reducing them to the 


primitive Circle, thus. Lay a Ruler upon 6, the Pole 
of the Circle C Ba, and upon B, and it will cat the 
primitive Circle in 4: meaſure C4 upon the Chords, 
and it will be found 27 48“, the meaſure of the Side 
BC; and a Ruler laid upon &« and B, will cut the 
primitive Circle in e meaſure Ae upon the Line of 
Chords, and you will find it 385 56' » the meaſure of 
the Side AB required, 


Thus have we reſolved all the Caſes of right angled 
ſpherical. Triangles; and next, 


Of Oblique Angled price Triangles. 
a GAGHE e 


| There are given two Sides, and an Angle oppoſ ire to 


one of them; to find the reſt. 


Let BD 42" o9/, CD 2% oF, and the Angle B 36˙ 
080 by given, to project the Triangle BCD. 


Note, 


—_ as — - new + — 
6 — — — — — —— 
r bag 2 * 9 "Ins 
r EN. 0 vg My 
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} 1 4 
* 


otherwiſe two ſeveral Triangles may be made from 
what is given. Kees 


Joining to the _ Angle) equal to 42" og; then 
A 


Angle BCD 104' oo', or 76" o, according to what 


Note, The Angle oppoſite to the other given Side, 
ought to be foreknown, whether acute or obtuſe; 


On the primitive Circle make BD (the given Side 


(by Prob. 2./Caſe 2.) draw the oblique Circle AC, 
making an Angle with the primitive Circle at B, of 
36? 8' (equal to the Angle given). Draw the Pa- 
rallel ECE, to cut off CD, equal to 24” o. Laſtly, 
draw the oblique GCD, thro the two Points C and 
D, and it is done. | : | 

If this laſt oblique Circle had been drawn thro the |} 
other Point, where the Parallel cuts the oblique 


Circle ACB, then the Angle C would have been acute, 
whereas now it is obtuſe. I 


To meaſure the things required. 


The. Side is found by Prob. 6. and the Angles by 
Prob. 7. as is fully explained in the Caſes foregoing; 
the Side 30 co', the Angle CDB 46* 18“, and the 


it is, whether obtuſe or acute. 


| = 
CASES 2,8. 


There are NAA two Angles, and 4 Side oppoſite to ont | 
them; to find the er 4 


Let the Angle B 36* 8, and the Angle D 46 18, 
and the Side BC 30? oO, be given, to project the 
Triangle BDC. 


Drau 
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Draw the oblique Circle ACB, to make an Angle 

with the primitive Circle at B of 36 08“; then at the 

diſtance of BC 30% oo' draw the Parallel ECP, to 

cut the oblique Circle in C; then thro the Point C 

draw the oblique Circle GCD, to make an Angle of 
4618“ at D, by Prob 3. 8 


To meaſure the things required. 


Flad the Angle BCD (by Prob. 8.) thus: Lay 4 

Ruler upon the Angle C, and upon 4 the Pole of 
DCG (one of the Legs, ) and it will cut the primitive 
Circle in e; alſo lay it upon C, and upon 6, (the 
Pole of the other Leg) and it will cut the primitive 
Circle in 4; then meaſure d upon the Scale of 
Chords, and you will find it 76 degr. whoſe Comp. 
to 180 is 104, the Angle requixed. 5 
The Side CD is meaſured (by Prob. 7.) by reduc- 
ing of it to the primitive Circle, and meaſuring it 
upon the Chords, and will be found 24* . 

The Side BD is meaſured upon the Chords, and 
will be found to be 42* O9. e 3 
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194 Spherical Trigmometry. Part I. 


There are given two Sides, and an Angle included ; 
to find the reſt. „ 


Let the Side BC 307 oo, and the Side BD 42 oo, 
and the included Angle B 36? og”, be given, to make 
the Triangle BCD. 


Make the Angle DBC equal to 36* 08', by drawin 
the oblique Circle ADB; then make BC 30? oo, 
and BD make 42* og', by drawing the Parallel 
2 3 then thro C, D, and G, draw the oblique 
piece: | | „ 


To meaſure the things required. 
To meaſure the Angle D; lay a Ruler upon D 
and a, and it will cut the primitive Circle in 4; and l 
lay it upon D and b, and it will cut the primitive E 
Circle in c; meaſure 4c upon the Chords, and you 
will find it 46* 18': If OI be meaſured upon 1 


Chap. 10. Spherical 


half Tangents, you will fin 
Is the Angle BCD 

575 be lai 

Circle in e; 
4 | yon will find 
n — — © 9 
ke CASE 8 4, 7, 10. 

There are given two Angles, aud the inter jacent Side; 


to find the reſt, 


Let the Angle B 36® o8, the An 
and the Side BC 309? 


gle G 104* os, 
angle BCD, 


oo, be given, to make the Tri- 


5 . | 
Make the Angle B equal to $65 of; by: dint 
the oblique Circle ADB: and make the Angle E 


4+ 3 by drawing the oblique Circle GDC, the Side. 
C being firſt Et off from the Chords, 


02 To 
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To meaſure the things required. 


The Angle D and the Side DC are meaſured as in 
the laſt, and the Side BD is meaſured by laying a 
Ruler to the Pole of the oblique Circle a, and upon 
the Point D, which will cut the primitive Circle 
Inc; then meaſure Bc upon the Line of Chords, 
_ you will find it 420 og'; and ſo much is the Side 


The three Sides given, to find the Angles. 


Let the Side BD 42 O9, BC 30% oo, and CD 
2 04' be given, to make the Triangle. : 

On the primitive Circle make BD 42* og the 
greater Side, then at the diſtance of BC 300 oo' draw 
a Parallel, and at the diſtance of CD 24 04 draw 
another Parallel, and thro the Point of InterſcRion 


draw the two oblique Circles; and it is done. | 
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If the Great Circle « b be drawn thro the two Poles 
of the oblique Circles, and Lines be drawn from the 
ſaid Poles to the Center or Pole of the primitive 
Circle, theſe three will conſtitute the Triangle a b c 
| whoſe Sides are equal to the Angles of the other Tri- 
angle BCD, and contrariwiſe the Angles of abc are 
equal to the Sides of BCD, only the greater Angle in 
the one, is equal to the Complement of the greater 
Side in the other to 180 degrees; that is, the Side 
be is equal to the Angle CBD, and the Side ac to 
the Angle CDB, and the Side 4b is equal to the 
Complement of the Angle BCD. | | 


CASE nz. 
The three Angles being given, to find the Sides. 


This Caſe is the ſame as the laſt in effect; for it 
is but changing the Angles into Sides, as is above 
ſhewed, (and as it is demonſtrated Chap. 6. Def. 6.) 
and making a Triangle of thoſe Sides, as in the laſt 
Caſe; and it is done. | 
Thus have I ſhewa how to reſolve all Caſes of ſphe- 
r_ Triangles, both right and oblique-angled, by Pro- 
kao 5 | 
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CHAP. I. 


The Reſolntion of all the Caſts of Plain. 


Triangles, both right and obliqutts 
ery by Natural Afithmetick, 


Aud firſt, of right-angled Triangles, 
THE RULE 


aa Number of Cyphers annexed 
by he Degrees and Decimal parts 0 


Angle. 
2. From the — of this Quotient always ſubs 
Jet. 3, and out of the Remainder extract the ſquare 
oot 
3- Subtract this ſquare Root from the double of 
the Quotient, + of the Remainder ſhall be the Hypo- 
Henule, 
4 Jah! 


A PPENDIY. 


LWAYS divide 172 (with a com- 


a "Dageen contained in the leſſer acute 


0 
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4. Subtract the double of the Hypothenuſe from 
the ſaid Quotient, the Remainder ſhall be the greater 
of the Sides; the leſſer Side being always aſſured 
1.000, &c.. 8 5 
From theſe aſſumed Sides we may eaſily find the 
true Sides, by the Rule of Three. - 


** 


CASE I. > 
In the Triangle ABC, right-angled at A, there are 


given the Hypothenuſe BC, and the acute Angles, 
B and C; to find the Baſe AC, and Perpendi- 


— . —_ 


cular AB. 


e 


From the double Quotient (in 


the following Page) | $ ND 
SubtraQ the ſquare Root. | 4.792 
1- — ; 
J Remains 3)5.400 


- + of the Remainder is the Hypoth, 1.800 

| The Hypoth. doubled is 3.500 
be Which ſubtr. from the Quot. 5.096 
ne The Remainder is AC 1 5 1.496 


And the Side AB is ſuppoſed i, 
By theſe three aſſumed Sides, the true Sides may be 
found (by Lb. 6, Pr. 4. of Euclid) by the Rule of 
Three; thus; | | 1 | 
| O4 1.8 


200 Plain Trigonometry, 
1.8 2 146 :: 1.00 : 81.1 AB 10 
1.8: 146: : 1.496: 121.33 AC. 

That is, as the aſſumed wr _ 1 E 

the true one 146; ſo is the aſſumed Perpendicular 1.00, 
ta the true one $1.1, Ee ic 


33- 75) 172, 00000 (5 096 


— 


4 2500 


— 
1000 
W 


$-096 
5.096 
30576 
433864 
25480 
ITS 


25.969216 
3 Subtract 


„ ä 


22.969216 (4-793 
Bs 
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870 so 
| 6Cg 
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949) 8792 
8541 : 
9332) 251 16 
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CASE IL 


The Angle at the Baſe, and Perpendicular. iven ; 
| to find the Baſe and * EY 


33.75) 172:00000 (5.0 


096 
The Work of this Caſe is in 140 reſpects the fine 
as in Caſe 1. 


1 


CASE III. 


The Hypothenuſe and Perpendicular gives, to find 
the Baſe a Angles. 1 fo 


From the Square of the * 21316 7 Lib. 1% 


thenuſe Pr. 47. of 
Subtract the Square of the Per- wt V Euclid, 
pendicular | 6577.21 7 


There remains x | | 14738.799: 


The Square Root of 14738. 79 is 121.4, the Baſe. 
To find the Angles. - 8 


To the Hypothenuſe add half the Baſe, or gr greater 
Side; then it will be, As that Sum is to the leſſer 
Side, ſo is 86 to the leſſer Angle. 


To 146 Hypothenuſe 
Add 60.7 half Baſe 


Sum 206.7 


n I ot; : 33-75" 
The VO of 33.75 is $6.25 „the greater Angle. 


CASE 


202 Plain at Trigonometry, | Append, 
„ CASTEAM 


| the Fhpothenaſe and ae: _ 


The Square of the Baſe 14738.79 By Eucl. Lib. k 
| The Square of the Perpen, 6577.21 C Prop, 47. 


The Sum 21316.00 


The ſquare Root of the Sum is 146, the Hypoth, 
Find the Angles as ia the laſt Caſe ; thus: 


To 146 the Hypotheniſe 
Add 60.7 half the Baſe 


206.7 


Then 206.7: 81.1 :: 86: 33.75 deg- or 33 45 
Whoſe Complement is 56" 15“ i 1 


Thus all the Caſes in right-angled Plain Triangles 
are eaſily and readily ſolved; and by the ſame Rules, 
and with the like eaſe and facility, may oblique-angled 
Plain Triangles be ſolved, as I ſhall make appear in 
the following Caſes, | 


* Th 


| 2. The Reſolution of all the Caſes of oblique- 
angled Plain Tri 
tic l. 


Two Angles and a Side oppoſite to one of them, bein 
given ; Fo find the other two Sides. YR 


Let the Angle A 51 46, and the Angle B 265 
39 and the Side AG 141 be given; to find AB and CB, 


Firſt, we moſt reduce the given oblique-angled 
Triangle ABC into two right-angled ones, by let- 


ting fall the Perpendicular CD. 

And firſt, in the right-angled Triangle ACD, we 

have given the Side AC, and the Angle A 51“ 46%, 
whoſe Compl. 38 14 is the Angle ACD; theo, ac- 

cording to the Rule, divide 172 by 38? 14; thus « 


4 
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angles by natural Ar ithmes 
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204 Plain Tri iemometry, N 
38. 23) 172 
3.82 17.2 


34-41) 154.80 (4.4987 | 


— 


2 


17160 8.9974 
4.4987 29910 
78944 2382 


— —— — —— 
| 17999 20.238 | 
| 1799 3. 8. Root 
| 4 -. 
| 36 17-238 (4.1519 
383⁵˙ð 
20.238 Q ſq. 


From the double Quot: 8.9974 
Subtr. the Square Root 4.1519 
Remaine 5 3048455 

x is the Hypoth. AC 1.6151 


2 en 


The double of AC 3.2302 
Which ſub. from the Quot. 4.4987 


E 4 Remains the Perpend. CN 1.268; 


The Baſe AD being 1. 
Then, 


1.6151: 141 :: 1: 87.3 
1.6151: 141 :: 1. 2685: 110.74 


Then 
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2 Then in the other Triangle CBD, 


Divide 172 


by the Angle B 26.65 


26.65) 172.00 (6.454 
12100 wommm—s 
14400 12. 908 


6.454 
8.454 


41.654116 
3 Sub. 


— ————kũ — 


> 


10750 — 


90 


———— 


38.554116 (6.217 


122) 268 

1241)2141 

1242790016 
3027 


— 


7 of the Remainder is the | | 


From double Quot. 
Sub. the ſquare Root = 
Remains 3)6.691 


_ Hypoth. CB | 2.230 
e Hypoth. doubled 6 
Which Sub. from the Quot, apa | 


. » 
Remains the Side DB 1.994 
* | Thea 
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Then, 1: 110,74 : : 2-23. : 247; and 25751 
I : 110.74 :: 1.994 : 220.8 


1% 5 The Segment of the Baſe AD is 87.32 
in Anf. he Segment DB is 220.88 308 
Ihe Perpendicular CD is 110.74 
$18 The Side CB is 247. 


_—_ „ 


CASE II. 


To Sides, with an Angle oppoſite to one ꝙ them 
being given; to 2 the reſt. —_ 


« + - — 1 ** 2 
"7 * a . 7 % 
— F * wi — * — 
5 2 AT; mn . * = - — 8 on \ 
. — E 
0 — - — — - pom Ro EI — 
8 WP > . * , . 8 
2 — 1 
* x 8 3 8 N 
— . nn * - 


— n . -, 1 
— — e206. 7.9 — fy 
— 


— 
LI 


Vi 6a te waned 8 
— DID ne EOS 
— r 
ewes: oth a -; 
- —— — 823 * * 


= Let there be given the Sides AC 141, and CB 

L 247, and the Angle B 26" 39%, 1 

. Firſt, In the Triangle CBD, 

wy 26.65) 172.000.464 
Quot. ſquared qu 654416 
Subtract * 


38.654116. 217 


From the double Quot. | 
 Subtratt the ſquare Root 


Remains 


Remains 


Chap. 1. by Naturdl Avrithmetick. 20% 
-: + of the Rem. is the Hypoth. CB. 2.230 


The Hypoth. doubled 4.460 
Which ubtr. from the Quot. 6.454 
Remains the Side DB 1.994 


Then to find the true Sides: 
2,23 :247 :: 1: 110.74 = the Perpend. CD. 
533 1 247 / 1 994 : 220.8 = the Baſe DB. 


141 
110 es Add and ſubtratt, 


Sam 251.74 
Diff. 30. 26 


Vid. Euclid, Lib, 3. Pr. 36. 
151044 — „„ 

3034 „„ 
735522 


761 7.6524 (87.3 Sq. Root = AD, 
To find the Angles, and firſt in the Triangle CBD. 


To 247 the Hypothenuſe CB, 
Add 110.4 half the Baſe DB 


Ed 


the Angle B, which is 265 397 whoſe Es: is 
63? wv the Angle DCB. 

To 141 the Hypothenuſe AC, 

Add $5-37 half the Perpendicular CD. 


is Ir 1 2 CAD. 


c AS 


357.4 : 110.74 (CD) :: 86 : 26.65 degrees; 


196.37 : 87.3 CAD) :: : 86 : 38.233 degrees, | 
that is 38? 4 , the _ ACD, whoſe Complemens 


45 13208 
„ : 


\ 
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As E U. 


Two Sides, with the Angle comprehended by them, 
being ach ; bo find the reſt. 


8 8 | nt the Sides AB 

| $08,and ro 141, and 

the Angle 1 40 
— , 

In the Triangle 


ment of the given An- 
gle A is 38* 14, the Angle ACD; by which divide 
172. 


38.23) 172.00 (4.498 
From the 89. of the Quot. 20,2383. 
— 3 


Remains ; 17.2383 
Whoſe ſq. Root is 4.1119 


From the double 0 28.9974 
Sub. the ſq. Root 4.1519 


Remains 4.8455 
. . + of the Rem. is Hyp. 1.6151 
Which doubled is 3.2302 


Which ſub. from the Q. 4.498) 


| , Remains e, 
. — 


Then, 1.6151: 141 Tt * 87.3, the Seem. AD. 


pend. CD. 


2>B ACD, the Comple. 


And, han gg 12 1.2685 : Oſt the Per- 


| Then, | 
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I ben, in the Triangle / | 

From AB 308 To the Squ. of DB 4870849 | 
Subtr. AD 87.3 Add the Squ. of CD 12263.3476 


—— — 


Rem. DB 220.7 The Sum 60971:8376- 
* Wboſe ſquare Root 247 is CB. 
Then, to find the Angles, | | 

To 247 CB 13 
Add 110.4, half DB. 


357.4 : 110.74 ( CD) :: 86: 26.65 degrees, 
the Angle B, which is 26" 39/, whoſe Complement 
is 63* 21' the Angle DCB; then if DCB 63 21/ be 
added to ACD 38" 147, the Sum will be 101 35% the 
obtuſe Angle ACB. f 1 


As E It 
The Three Sides bring given, to find the Ag let. 


247 
141 


As the Baſe 308, to the Sum of the Sides 388; 
ſo is the Difference of the Sides 106, to the Difference 
of the Segments of the Baſe EB 133.53; which ſub- 
tracted from the whole Baſe 308, the Remainder is 
174.47, the half whereof is 87.23 AD. And if the 
laid half be added to EB 133.53 the Difference, the 
dam will be 220.76 the other Segment DB; 


F 8 


*o 07 fuding th the Area | Append. 
Then in the Triangle CBD, 14 . 


29 247 CB ©: 
Add 1 to. 38 balf DB, 


357.38 : 110.74 (CD); 86 26.65 degrees, 


the Angle B, that is 26" 39, whoſe Complement | f 
21 18 DCB. | | d 
To 141 AC "gk t 
Add 55-37 half CD. IE} 
196.37 : 87. 23 (AD) :: . 86 : 38.233 1 degrees, 
that is 38" 14, the Angle ACD, whoſe Complement 
is 51* 46“ the Angle CAD. 
If DC; 63” 21 and ACD 38 ng be added toge- 
ther, the Sum is 101” 35, the whole Angle ACP. 
CHAP. I 
To find the Area of any Plain Triangle, by having 
: certain Sides and Angles given. ne 
1. Of Right-angled Triangles, oy 
| . CASE 1. . oe 
The two acute Angles and the Baſe 8 : fo of 8 
the Ares. Rs 
3 of th 
| 3 led Bu 
la the right-angle thus 
Triangle ABC, let the f 
there be given the Angle 0 th 
S 538,08“, and the Angle I of 44, 
* C51 52% and the Baſe Which 
FT AB; to find the Area. J 


THE 


Chap. . of Plain Trian les. 1 211 


T HE RU. E. 


To the double Logarithm of the Baſe, add the 
Log. Sine of the Angle at the Biſe; and from the 
Sum ſubtract the Log. Sine of the other acute Angle, 
the Remainder is the Logarithm of the double Area. 


Log, of 199 2.298853 
The fame again 2.298853 
. The Sine of 38˙8 “ 


9.790632 


J : 14.388338 | 
The Sine of 51 520 98.895741 


The Log. of 31088 4.492597 


Demonſtration. As the Sine of the Angle C, is to 
the Baſe; ſo is the Sine of the Angle B, to the Per- 
Here we muſt add the Logarithm of the 
Baſe, and Sine of the Angle at the Baſe B, and from 
| the Sum ſubtradt the Angle at the Perpendicular C, _ 
the Remainder is the Log. of the;Perpendicular; to * 
which if we add the Log. of the Baſe, we ſhall have 
the Log. of the double Area: fo that it is plain, 
bere is the Sine of the Angle at the Baſe B, and 
twice the Log. of the Baſe to be added, and the Sine 
of the Angle C to be ſubtracted. Which was, Cc. 

But we may find the Perpendicular otherwiſe, 
thus: As Radius, to the Baſe; ſo is the Tangent of 
tne Angle at the Baſe, to the Perpendicular; and if 
to this Log, of the Perpendicular be added the Log. 
of the Baſe, the Sum is the Log. of the double Area; 
hich affords us another Rule for finding the Area, 
by having the Baſe and acute Angles, viz. To the 
double Log. of the Baſe, add the Tangent of the | 


pendicular. 


TT. - = an 


a of fuding the a ye ond. 
i Angle at the Baſe, the Sum, abating Radius, is the 
Log. of the double Area, 


The Log. of the Baſe 199 ROO 

The ſame again 2.29885 

| The Tangent of B 38 o8' 9.89489 

18 I5ꝓbe Log, 31088 SI. 

i 2 * half is 15544 the Area, the fue 
before. 


CASE II. 


Tube H rhenuſe and acute Ang les are given; to 
25 find the . given; | 


THE RULE. 


'To the double Logarithm of the Hypothenuſe, add 
the Sines of the acute Angles ; the Sum, abating double 
Radius, is the Logarithm of the double Area, | 

In the former Triangle ABC, let the Hypothenuſe 
253, the Angle B 38˙ 08 and the Angle C 519 * 
be given; to find the Ares. . 


The Log. of the Hypoth. 25 3 2.40312 
The ſame again 2.40312 | 
The Sine B 387 o8/ 9.79063 
The Sine C 51 52 ” 9.89574 


— 


The Log. of 31088 Pk 4.49261 


the ſame as before. 


Demonſtration. As Radius to the Hypothenuſe, ſo 
is the Sine of the Angle at the Baſe to = per pen 


gicular. Ds | 


} 
\ 
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And as Radius, to the Hypothenuſe ; ſo is the Sine 
of the Angle at the Perpendicular, to the Baſe. 
If theſe two Proportions be compounded, there 
will be twice the Log. of the Hypothenuſe, and the 


Sines of the acute Angles to be added, and two Ra- 
dius's to be ſubtracted : Which was, &c. 


CASE II. : 
The Baſe and Hypothenuſe, and Angle at the Baſe, 
given; to find the Area. ; 


THE RULE, 


Add the Logarithm of the Hypothenuſe, the Lo- 
garithm of the Baſe, and Sine of the Angle at the 
Baſe; and the Sum, abating Radius, is the Logarithm 
of the double Area. 2 . 

In the former Triangle ABC, there is given the 

Hypothenuſe BC 253, the Baſe AB 199, and the 
Angle B 38* 08'; to find the Area, 


The Log. of the Hypoth, 253 2.40312 
The Log. of the Baſe 199 2.29885 
The Sine of the Angle B 38* 08 9.79063 


The Log. of 31088 4.49260 


the ſame as before. | ; 


Demonſtration. As Radius, to the Hypothenuſe ; 
ſo is the Sine of the Angle at the Baſe, to the per- 
pendicular. To which if the Log. of the Baſe be 
added, the Sum will be the Log. of the double Area: 
ſo here is the Log. of the Hy poth. the Sine of the 
Angle at the Baſe, and Log. of the Baſe, all added; 
ind Radius ſubtracted. Which was, &. 
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ä n 


FS e 
The Baſe and Hypothenuſe given, to find the 


Area, 


| | THE RULB. 
The Log. of the Sum, and Log of the Difference of 
the Baſe and Hypothenuſe being added together, take 
half their Sum; and to that add the Log. of the 


Baſe, this laſt Sum is the Log. of the double Area, 


In the former Triangle APC, there is given the 
Hypothenuſe 253, and Baſe 199; to find the Area, 


Hypoth. 253 Log. of the Sum 452 2.655138 


Baſe 199 Log, of the Diff. 54 1.73239 
The Sum 452 „ The Sum H 4.387532 


The Dif. 54-1: e hall 


| 2.193766 

The Log, of the Baſe 2.298853 

The Log. of 31088 4.492619 
the ſame as before. 


Demonſtration, If the Sum and Difference of the | 


Baſe and Hypothenuſe be multiplied together, and 


out of the Product the ſquare Root be extracted, 
that ſquare Root will be the Perpendicular (by El. 
Lib. 3. Pr. 36.) Therefore half the Sum of the Log, | 
of the Sum and Difference, is the Log. of the Per- 
endicular; to which add the Log. of the Baſe, the 
zum is the Log, of the double Area. Which was, 
Cc. | | | | 


-—*. tf | 
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* 


CASE TL 


. 36d 


2. Of Oblique- angled Triangles. 


All the Angles : 41 one Side being given, to find 


the Area. 


THE RULE. 


Add the double of the Logarithm of the Side 
given, and the Sines of the two adjacent Angles, 
and from the Sum of theſe ſubtra& the Sine of the 


oppoſite Angle, the Remainder (abating 


the Logarithm of the double Area. 


Let the Angle 
C101? 35 the An- 
ele B 26? 39“ the 
Angle A 51* 46 
and the Side CB 
247, be given; to 


Radius) is 


find the Area. 


The Log. of CB 247 
The ſame again : 


The half thereof 17064 is the Area required. 


2.392697 
2.392697 


The Sine of C 10135 (or its Comp. 78250 9.991064. 


The Sine of B 2639 9.6 51800 
1 | | The Sum 24.428258 
| The Sine of A 51* 46 ſubtract 9.895144 
* the Log. of 34128, the 9 43332014 


—ůů— F2Ü— 


216 Of finding the Area 1 


Demonſtration. As Bodies is to the Hypothenuſe | 
CB, ſo is the Sine of the Angle B to the Perpen- 
dicular CD. 

And, as the Sine of the Angle A, is to oh Side CB; 
ſo is the Sine of the Angle C, to the Baſe AB. Now 

if theſe two Proportions be compounded, we ſhall 
find the Log, of BC twice, the Sine of the Angle B, 
and Sine of the Angle C, "all added; and the Radius, 
and Sine of the Angle A, to be ſubrraed. Which 
was to be proved. | 


1 . i a. * 1 8 — — 


CASE I. 


Two Sides, and the Angle camprehended by them, 
being given; to find the Area. 


THE RULE. 


Add the-Logarithms of the given Sides, and the 
Sine of the Angle, and the Sum (abating Radius) is 
the Logarithm of the double Area. 

Let there be givea the Side AB 308, and the Side 


BC 247, and the compreheaded Angle B 26" 393 bo 
find the Area. 


The Log. of AB 308 2.488551 
The Log. of BC 247 2.392697 
The Sine of the Angle B 263 39 9.651800 
The Log- of 34123, the double Area, 4 53; 3048 


The half thereof, 1706 1.5 is the Area required. 


Demonſtration. As Radius to the Side CB, ſo is 
the Sing 85 the Aogle | B to the Perpendicyſar z bn | 


hich 


— 
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which add the Log. of the Baſe AB, and you have 
the Logarithm of the double Area; ſo here is the 
Log. of the Side CB, the Sine of the Angle B, and 
the Log. of the Side AB, all added; and only Radius 
ſubtracted. Which was, Go. ; 


3 1 


eee 
The three Sides being given, to find the Area, 


| THE RULE. 
From the half Sum of the Sides ſubtract each par- 


ticular Sidez then add the Logarithms of the half . 


Sum, and the three Differences together ; half their 
Sum will be the Logarithm of the Area required. 
Let the Side AB be 308, BC 247, and AC 141. 


308 4o | 
-”, 101F Differences 
141 207 
Sum 696 
Half 348 — 
The Log. of the half Sam 348 2.541 579 
| The Log. of 207 | 2.315970 
The Log. off 101 2.004321 


The Log, of 40 1.602060 


—— 


The Sum 8.463930 


\ | The Axea 17060 _ Las. 4.23 1965 


„ 


3 
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This Rule is to be found in moſt Books of Mea- 

ſuring, and is demonſtrated in my COMPLEAT 

 MEASURER, Part 2. Chap. 1. Sect. 5. and there- 
fore I ſhall omit it here. 


CH AP. In. 
Of the Menſuration of the Area of 4 Spherical 


Triangle. 


LEMMA I. 
1H E Lunary Superficies of the Hemiſphericks, 
are as the Angles of the ſame Superficies. 
The Proof of this Lemma (amongſt many other 
ways) may be this: | | 


Let the Meridian Semicircle AED be imagined to 
be equally mov'd over the Longitude of the Equator 
BEC, vpon the Poles A, and D; then muſt the An- 
gles on the other Side of A and D, (viz. F and G,) 
be as the Times; that is, F ſhall be to G, as the 

. Super- 


Superficies K to the Superficies M; and G is to E, 
as the Superficies M to the Superficies Kc. and ſo 
it will be howſoever they are taken, For 

Thoſe things that agree to a Third, agree amongſt 
themſelves | 


' COROLLARY. 
Therefore, by Compoſition, 


F G: G:: KTM: M. or, 
FG: F:: KTM: K. 


That is, 
As two right Angles at are to G, 
So is half the ſpherical Superficies to M; 
And, as two right Angles are toF, 
So is half the ſpherical Superficies to K. 


LEM MA II. 


The Triangle G is equal to the Triangle H, be- 
cauſe the Angles and Sides of one are equal to the 


| Angles 
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Angles and Sides of the other, viz. AD, B=E, 
CSF; andalſo L=O, M=P, N==Q, therefore 
they are congraous, and equal. 


THEOREM. 


The Exceſs of the three Angles over and above two 
right Angles, divided by 720, ſhews what the Area 
of the Triangle is in reſpe& of the whole ſpherical 

_ Superficies. | 


189: A:: 2 Spherick: G R 

Lee = 180: B:: Z Shherick : G 4 3333 

Lemma 1. (180: C:: 4 Spherick: G THAT 

Therefore by Compoſition it will be, 180: 

A TBT C:: half the Spherick: 3G4R4S+T; 

and ( by Eucl. 5. Lib. 24. Pr.) 180: AX BC 
180 :: half the Sphericx: 3G +R4S+T— 
Spherick. ButiG RTS IT is equal to half the 
Spherick : Therefore, 3 G+R+S+ T — half the 
Spherick =2 G. And the antecedent Terms being 
quadrupled, it will be, 720: A+B+C—180:: 
2 Sphericks :2 G:: 1 Spher. : G. Therefore, 


EE 59. ſhews what part the Triangle is 

of the whole Spherick. Pos ; 

| Theſe things are likewiſe true in all ſpherical Poly- 
gons of what ordinate Figure ſoever they be, or in- 
ordinate; ſo that all the Angles be given. And the 
Reaſon is, becauſe all Polygons may be reduc'd into 


Triangles; therefore, this Rule following ſhall hold 
ia all Multangles. 


| TAL EVI © 
Multiply 180 by the number of Angles ; ſubtract 
the Product out of the Aggregate of all the Angles 
1% = in- 


Chap. 3. Of the Completion, Kc. 22 
increaſed by 360?; the Reſidue divided by 720, gives. 
the Area of the Polygon, 


Of the Completion of a ſolid Body. 


From the foregoing Menſuration of the Area of a 
| ſpherical Triangle, this Corollary may be dedac?d, If 
the Radius of the Sphere be 100000, the Side of an 
inſcribed Icoſiedron ſhall be 105146.22, equal to the 
Subtenſe of 63" 260 10”. Therefore the plain equilate- 
ral Triangle FEO (in the Icoſiedron) anſwers to the 
equilateral ſpherical Triangle in the Sphere; whoſe 
three ſpherical Triangles are connected in the plain 
Angles, in the ſame Point 1 
F, E, and O. And the Sides 
of this ſpherical Triangle 
are ſeparately taken 63? 26“ 
| 10”, becauſe their Subten- 
ſes FE, EO, OF, in the 
plain Triangle, are equal one 
to another. Ys 
Let fall the Perpendicular 
Ep; then will the Spherical 
Triangle EPO be right= 
angled at P; where there is 
given (over and above the 
right Angle) EO 6326“ 10% 
and PO 3143“ o5” equal to 
half EO; wherefore the ver- 
tical Angle PEO will be 
found 36 deg. juſt, and the 
whole Angle E 72 deg. and 
the Sum of the three equal 
Angles E, F, and O, ſhall be 
216 deg. from whence ta- 
king two right Angles, equal 
to 180 deg. there will re⸗ 
main 36 deg, therefore the 


Triangle 


222 Of the Completion, &c. Nall 2 
Triangle EFO is „ of the whole Spherick, that is 


A part; and this moſt truly, for 20 Pyramids 


FEOC, fill the ſolid place of the Icofiedron, and fo 
20 ſpherical Baſes (cover*d over with 20 Triangular 


plain Baſes) compleat the whole Spherick. 


FEOC is one of the 20 Pyramids in the Icoſiedron, 


and the plain Trian bo B is one of the Baſes; C is 
the Center of the ody, or r that circum- 
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TRIGONOMETRY. 
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"PALT-E 
WD CHAP. I. be 
In the firſt Part of this Treatiſe you have all 

the Caſes of Plain and Spherical Trigono- 


merry, * plainly laid down and demon- 
ſtrated. In this ſecond Part, I ſhall apply 


the Doctrine of Plain and Spherical Tri- 


angles to Practice, in all the moſt common 
Parts of the Mathematicks. And firſt, 


Of Altimettia, or Meaſuring of Ali- 


rudes. 


T HE Obje&t to be meaſured may be either 


acceſſible or inacceſſible z or it may be upon 
level Ground, or ſtanding upon a Hill. 


SECT. I 
To meaſure an acceſſible Altitude. 


Let AB repreſent a Tower, or Steeple, whoſe 
Height is required. Firſt, 
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Firſt, with a Quadrant, or other Inſtrument, find 
the Qt Quantity of the Angle C, which ſuppoſe to be 


$2? 30'; then meaſure the Diſtance AC, which ſap- 
poſe to be 85 Feet: then by the firſt Caſe of Plain 


2 ——— L—. ˙—]ů — ——— — _ — 
wn * A * r — 
— —— —L—ſ — — —xʒƷ hefty 4 ET 
* 


Triangles. 
| A883. of E B 3% 30 A. C. 0.216553 
To the Baſe AC85 Log. 1.929419 
So is s. of E C 52? 30 9.899466 
7 To the Altitude AB 110.8 4.044438 
KY | ES 8 1 3 — —— 
As Rad. 5 ak 
To the Baſe AC 85 1.929419 
SO is t. of < C5 330“ 10. 115019 


To the Altitude 210.8 — 2.044438 


SC — — — 


7 
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5 Note here, that in this and al ſuch Caſes, you 
muſt add the Height of your Eye, or Inſtrument, to 


dhe Altitude before found. 
SECT: 
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To meaſure an inacceſſible Altitude. 


Let 18 (in the followiag Fig.) be a Church-Steeple, 
whoſe Height is requir'd: but by reaſon of a River, 
or ſome other Obſtacle, it is inacceſſible, that is, you 
cannot come to the Foot of it at A. _ 

Firſt, with your Quadrant at C, take the Angle of 
Altitude, which fappoſe 26“ 30“; then meaſure in a 
right Line towards the Steeple to D, which ſuppoſe 
to be 75 Feet; and at D, obſerve again the Angle of 
Altitude, which let be 51“ 30. | 
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Now the two viſual Lines CB, and DB, and the 
meaſured. Diſtance CD, do form the oblique-angled 
| Plain Triangle CBD, wherein are given all the An- 

les and the Side CB, the Angle BCD' being 26® 30'; 
and the Complement of ADB 5 30/ to 180 is the 
obtuſe Angle BDC 128Od o, and conſequently the 


may 


third Angle CBD is 25˙ 2 Bat this Angle CBD 
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may more readily be found by ſubtracting BCD from 
ADB (by Eucl. Lib. 1. Pr. 32.) Then, by Caſe the firſt 
- gd Plain Triangles, find the one BD, 
Tus : 


As s. c oo CBD 8.374052 
Io the diſtance of CD 75 1.875067 
So is S. of 26" 300 11 \ os 8.649527 

To the viſual Line BD 79 s . w Tn 

Then, by Caſe 3. of right-angle Plain Triaagtes, | 

As Rad. to BD 79.1 18 9958640 

So is s. of ADB 51 yak If 9.893544 

To the Altitude AB 6 1.97 1.792184 
8 E C T. III. 


To meaſure the Altitude of a Steeple, Tower, &c. 
ſtanding pon 4 Hill. 


Let EC TOP a Steeple ſtanding upon a Eil, 
whoſe Height is required. 

Firſt, with your Inſtrument find the Angle CAB, 
44 degrees; and alſo the Angle BAR 26“. 

Then meaſure in a ſtrait Line towards the Steeple 
from A to D 134 Feet. 

Thea again at D, with your laſtrument, find 
the Angle CDB 67“ 50/ ; and alſo the Angle EDB 
51 degrees. 

Then, by the firſt Caſe of oblique-angled Plain Tri- 
angles, find the viſual Line CD, in the Triangle ACD, 
wherein are given the Angles DAC, and I and 
_ side AD; thus: 45 


. = 
. 6 * 
; 3 


TS. 


of Altitades; 


Chap. i. 


As s. ACD 23* 500 
To the meaſured Diſtance AD 134! 
80 s. CAD 44 oO 
To the Side CD 230 4 


Then, As Rad. to the Side co 230.4 
So s. of CDB 67? 500 


To the Side BC 213.3 


Again, As Rad. to the Side CD 2 30-4 
80 s. 22 100 BCD 


To the Baſe BD 86.92 


Laſtly, As Rad. to the Baſe BD 86.92 
Solis t. of 51% oo' the Angle BDE 


'To the Perpendicular BE 107.3 
Q 2 


0.393536 
2.127105 


9.841771 


2.362412 


* 


2.362412 


9.9666 53 


2.329063 


2.362412 
9.576689 


— A 


1.939101 


1.939101 


10.091631 


* 


— — = 


2.030732 


6— 


From 
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From the whole perpendicular Height B 213.3 
Subtract the per pend. Height of the Hill BE 107.3 

There remains the Height CE of the Steeple 106 


— —. 


CHAP. IL 
| Of Longimetria, or meaſuring of Diſtances. 


1 H E Theodolite, or Semicircle, is the beſt Inſtru- 
ment for taking of Diſtances of Trees, 'Stee- 
ples, Towers, &c. either of one, or many together; 
as in the Examples following. 8 | 


SEO I. 
To meaſure one ſingle Diſtance. 


Let A be a Tree; and you being a diſtance off at B, | 
would find how far the Tree is from you, without 
approaching nearer to it, than you are at B. 
1. Set up your Theodolite, or Semicircle, upon its 
Staff at B, as level as you can, laying the Index wit 
the Sights upon it on the North and South Diameter of 
the laſtrument. 15 a | 
2. Torn the Inſtrament about upon the Staff (the 
Index ſtill lying upon the Diameter) til} thro the 
Sights you ſee the Tree at A, and there fix the Inſtru - 
ment with the Screw, the beginning of the Degrees 
towards A. — 
3. From the Foot of your Inſtrument at B, mea- 
ſure with your Chain or Rod any convenient diſtance 
on either Side, as to C 50 Rods; and there cauſe 4 
Mark or Staff to be ſet up. 
5 | 4. Turn 
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4+ Turn the Index about till thro the Sights you ſee 
the ſaid Mark at C, and note what number of Degrees 
and Minutes the Index cuts, which ſuppoſe 110 20% 
which ſet down. e 

5. Then ſet up ſome viſible Mark at B, where the 
Inſtrument ſtood, and removeittoC; and there ſet- 
ting it up, with the Index upon the North and South 
Diameter as before, turn the Inſtrament about till 
thro the Sights you ſee the Mark ſet up at B, and 
there fix it, the beginning of the Degrees toward the 
Mark at B. | | 

6. Turn the Index about till thro the Sights you ſee 
the Tree; and note what Degrees the Index cuts, 
which let be 55? 40“, which note down; and ſo have 
you done your Work in the Field, 

And now to find the Diſtance from B, or C, to the 
Tree; you may perceive that the Tree, and the two 


Stations or Marks at B, and C, do make an oblique- 
angled Triangle ABC: in which is given, 1. The 


Angle ABC 110? 20/ obſerved at the firſt Station B. 
2, The Diſtance meaſured BC 50 Rods. 3. The An- 
gle CBA, obſerved at the ſecond Station C 55? 409, 
By which you may find the Diſtances AB, and AC, 


by the firſt Caſe of oblique-angled Plain Triangles. 


For, having the two Angles at B 10? 20%, and at C 
55"40', their Sum is 166 degrees, which taken out of 
180", there remains 14 deg. for the Angle A. Then, 


t: 
| 
£ 


from either of which you may ſee all the Ships at one 
View, and make thoſe two Places your two Rrations 
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As s. BAC 14% o Ar, C. 0.616325 10 
To the meaſured Side BC 50 Rods 1.698970 tl 
So s. ACB:55* 400 9.916859 el 
1 9 | 
To the Length of the Side AB 170.7 2.232154 y 
3 8 | | r fit 
Again, Sj 
As s. BAC 14 oc Ar. C. 0.616325 gr 
To the 2 BC 50 (C 1.698970 Pc 
So s. of the Angle ABC 110? 20 (Com. 
69 400 '$ 997208 Wl 
To the Length of the Side AC 193.8 2.287353 th 
So the Diſtance from the firſt Station to the Tree is Ste 
170. 9 Rods, and from the ſecond Statzon to the Tree Ro 
193,8 Rods. ſee 
cut 
n We” © 5 : 8 * 7 8 line 
e = 
How to take the Diſtances of divers things remote the 
you 
from you , as Churches or particular Places in 4 the 
City, 4 Squadron of Ships at Sea, or the Like ; Stat 
and to make 4 Draught of the ſame. you 
| the 
Suppoſe 1 that A, B, C, D, E, P, and G, were a Squa- Inde 
dron of Ships lying at an Anchor, and yon being on at / 
Shore, were deſirous to take their Diſtances and to ſupf 
make a Draught of them, repreſenting their Situa- dex 
tion one from another. the! 
1. Seek out two convenient Places upon the Shore, Tab 


for Obſervation, as O and P. 
Then 
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Then ſet up your Inſtrument at O upon its Staff, as 
level as you can. Turn it about upon the Socket, till 
the Needle hang directly over the Meridian Line of 
the Card, and the North-end of the Needle over the 
Flower-de-luce; and then ſcrew the Inſtrument faſt. 
Your Inſtrument being thus fix'd at O, call that your 
firſt Station; and turn the Index about till thro the 
Sights you ſee the firſt Ship A, and note what De- 
grees of the Inſtrument the Index cuts, which ſup- 
poſe 60 deg. which note down; then turn the Index 

about till thro the Sights you ſee the Ship at B, and 
mark what Degrees are cut by the Index, as 74? 3o', ũUW˖ 
and note them down. Do thus with all of them, be 
there ever ſo many. „ 

Then meaſure the Diſtance between O your firſt . 
Station, and P your ſecond Station, which is 240 
Rods; turn your Index about till thro the Sights you 
ſee a Mark ſet up at P, and note what Degrees are 

cut, which are 15* 50',which is the Angle your Station- 
line makes with the Meridian; then leave a Mark where 
your Inſtrument ſtood, and remove to your ſecond 
Station at P, and ſet up your Inſtrument there, with 
the Needle over the Meridian-line, as before : and if 
you lay your Index upon 15* 50, and look back thro 
the Sights, if you ſee the Mark left at your former 
Station, then your Inſtrument is plac'd right; if not, 
you muſt turn it till you can ſee the ſaid Mark thro 
the Sights, and there ſcrew it faſt; then turn the 
Index about till thro the Sights you ſee the firſt Ship 
at A, and note what Degrees the Index cuts, which 
ſuppoſe 43? 45/, which note down; then turn the Ia- 
dex about to B, C, D, &c. noting the Degrees cut by 
the Index at every moving, and ſet them down in a 
Table, as is done in the following Page. | 


Q 4 1 


Part II. 
1 5 


The Meaſuring 


(Lots OE Ke The Tecona 
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How to protract, or lay down upon Paper, the Obſervations | 
laſt taken. | 


Upon a Sheet of Paper draw an obſcure Line as NS, 
for a meridian Line, upon which aſſume any Point a5 
O for your firſt Station; unto which Point apply the 

Center of your Protractot, laying the ſtrait Line of 
the Protractor upon the Line NS; then, keeping the 
Protractor in that Poſition, lay your Table of Obſer- 
vations before you, wherein you will find 60 deg. the 
fic ſt Obſervation made to the Ship A; therefore make 
a Mark at 60 deg. by the edge of the Protractor. The 
next Obſervation was 74 3o', therefore by the edge 
of the Protractor make a Mark at 74 307; do the 
like at 827 3o', at 93 Oo, at 110% 20/,at 120? oo', and 
at 130* o: Then take off your Protractor, and from 
the Center O draw obſcure Lines thro. every one of 
thoſe Marks, as the Lines OA, OB, OC, &c. Lay the 
Center of your ProtraQtor upon O, and the ſtrait Line 
.. upon Ns, as before, and make a Mark at 15? 50“ (be- 
ing the Angle the ſtationary Line makes with the 
Meridian) and from the Center O thro that Mark 
draw the ſtationary Line, and out of ſome Scale of 
equal Parts (anſwerable to the largeneſs of your 1 
7 0 1 2 3 . « * ; v 4.0% | i vi - 5 4 per) 
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per) take 240 (the ſtationary Diſtance) with your 
Compaſſes, and ſet from O to P, ſo ſhall P repreſent 

your ſecond Station; then thro P draw another me- 
ridian Line parallel to the former, and lay the Center 
of your Protractor upon P, and the ſtraĩit Line up- 
on NS; keeping it faſt in that Poſition, lay your Ta- 


dle of Obſervations at your ſecond Station before you, 
and with your ProtraQting-pin make Marks at 43* 45 

your firſt Qbſervation, at 54* oo/ your ſecond, at 63” 
300 the third, &. till you have prick'd dowa all your 
Obſervations at your ſecond Station P; then take 
away your Protractor and draw Lines from P, thro the 
ſeveral Marks, as PA, PB, PC, &c. cutting the for- 
mer Lines in the Points A, B, C, D, EB, E, and G, 
which Points do repreſent the ſeveral Ships, as they 
lie at Anchor, every one at its true Diſtance and Po- 
ſition from another, as they lie in the Sea or Harbour; 
45 alſo from either of your Stations O or P. 


Thiz 


9 7 
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This Section may otherwiſe be perform'd, without 
taking any notice of the Needle; thus: 

As 1n the laſt Example, make choice of two places, 


from either of which you may conveniently ſee all 


thoſe Ships or other Objects whoſe Diſtances you 
would find; which two Places or Stations let be O 
and P, in the following Scheme. 

Firſt place your Inſtrument at O, layiog the Index 
on the Diameter, and turn the whole Inſtrument 
about, till thro the Sights you ſee your ſecond Station 
P; then fixing the Inſtrament there, direct your Sights 
to the ſeveral Ships A, B, C, D, E, F, and G, noting 
the Degrees cut at each Obſervation, which are as 
below in the Table. 

Then remove your Inſtrument to P, laying the Iu- 
dex on the Diameter, and turn ir abo t till thro the 
Sights you eſpy your former Station at O; there fix 
your Iuſtrument; then direct your Sights to every one 
of the Ships at A, B, C, D, &c. noting the Degrees 
cut at every Obſervation, as in the Table, and alſo 
note dowa the ſtationary Diſtance. 


fade firſt At the Tecond| 
Station, the Station, the 
ladex cut, Index cut, 
=. M1 De. M. 
A 82 300 The Stationary] 33 
BI 95 40 diſtance 150] 42 
| C1114 30] Rods. 55 
At D124 : 63 
|: 135 300 | 72 
F i 40 86 
1 11 


The Protraction of theſe Obſervations will be much 
like that in the former Example; for 


_ Fiſh, 
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Firſt, you muſt lay tbe Center of the Protractor 
upon the Center O, with the Diameter thereof upon 
the Line OP; keeping it faſt, make Marks by the Limb 

at 82* 300, at 95˙ 400, at 114 300, at 124 10, at 135 
30ʃ, at 140 oo', and at 156? 307; then take up your 
Protractor, and draw Lines from the Center O thro 
each of the Marks; then upon the Line OP ſet off 1 50 
from O to P, taken from ſome Scale of equal Parts, 
and upon P place the Center of your Protractor, and 
the Diameter thereof upon the Line OP; keeping it faſt 
there, make Marks by the Limb at 335 20“, at 425 300, 
at 55* oO, at 63* 400, at 72 200, at 86710, and at 
1125 307“; then take up your Protractor, and draw 
Lines from the Center P thro every one of theſe Marks, 
and where theſe Lines cut the former each its cor- 


oy mag Line, there are the Points repreſenting the 
EE 


Jo meaſure any of the Dift ances, thus laid down, by Fi- 
gonometrical Calculation. , 


ln the laſt Figure are. ſeveral right-lined Triangles 
made by the Interſection of the ſeveral viſual Lines, to- 
| 1 | | | _ gether . 
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gether with the Stationary-Line; in each of which 
there will be enough given to find what Diſtance you 
mall require. OG” l 


Example. Let it be required to find the Diſtance 
from O your firſt Station, to the firſt Ship A. 

By the viſual Line OA, made at your firſt Station, 
and the viſual Line PA, at your ſecond Station, in- 
rerſeQing at A, and the Stationary-Line OP, is con- 
ſtituted the oblique-angled Triangle AOP: in which 
is given, 1. The Angle AO 97 3o' (the Comple- 
ment of 82? 3o' to 180) and, 2. The Angle APO, 
_ obſerv'd at the ſecond Station 33? 3o'; conſequently 
the Angle OAP muſt be 49 oo! (being the Comple- 
ment of the other two to 180) and, 3. The meaſured 
Diſtance between the Stations 150 Rods, to find the 
Side AO, which you may do by the firſt Caſe o 


Plain oblique-angled Triangles; thus: | 


As s. of OAP 49? oO o. 1222201 
To OP 150 ee oo 2.1760912 
Soiss. APO 337% 30“ | 9.741 8893 
To AQ 109,7 5 2.0402608 


Again, to find the Diſtance AP, on on 
As s. of the Angle OAP 49 oof ©.1222201 


To the Line OP 150 = SRL 2,1760912 
So is the Angle AOP 97 30'« 

(Com. 82" 300 $ 9-9962686 
To the Side AP, 197 Rods, 2.2945799 


Again, to find the Diſtance from the ſecond Sta- 
tion P, to the ſecand Ship B 

In the Triangle OBP, there is given, 1. The An- 
gle BOP 84 20/ (being the Complement of the ſe- 
cond Gbſer vation made at the firſt Station O) 2. The 


An: 
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Angle OPB 42* 30, the Angle taken at the ſecond 
Obſervation at P; and 3. The Stationary diſtance 


we ”y the firſt Cafe of e eee Plain Tri- 
angles, 


As 8. of the Anglo OBP 53* 10 Ho 0.0967023 
To the ſtationary Diſtance 1 30 2.176091 2 
So 9. of the Angle BOP 84 200 I 99978725 

Io the Diſtance BP, 186.5 | 2-2706660 


—_— CIS 


Tben i in the Triangle ABP, there is given the An- 
gle APB 9 100 ( beintz the Difference between the firſt 
and ſecond Obſervations at the ſecond Station) and 
the two comprehending Sides AP 197, and BP 186.5, 
to find AB. | 
wah by Cafe the 3d of obtique-angled Plain Tri- 

angles. | 


AP 197 From 180% oo 


BP 186.5 ,-  IRE.-: $30 
Sum 383.5 5 Rem. 170 50 
Diff. 10. 5 Half $85 23 


Then; „ 
As 383.5 the Sum of the Sides J. 416235 
To 10.5 the Difference of the Sides 1.02 1189 
So is t. 85* 25/5, 4 the Sum of opp. Angle, 1 1.096807 
To t. of 18 53 half their Difference "nds 31 
Sum 2 18 + the * ABP. — — 


Diff. 66 32 325 the Angle BAP: 


—— 
——— 
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Then, by Caſe l. | 


As s. 66* 32 4 the Angle BAP 0.037465 
To 186.5 the Side BE 2.270679 
So s. 9 10/ the Angle APB 9.202234 


— — 


To 32.39 the diſtance between A and B 1.510378 


— 


After the ſame manner you may proceed to find 


the reſt of the Diſtances, there being enough given 
in each Triangle to find the reſt; or you may take any 
of the Diſtances in your Compaſſes, and meaſure it 
upon the ſame Scale you laid down the ſtationary 
Diſtance by, and that will ſhow you the Diſtance. 
By either of thoſe ways you will find the ſeveral 
Diſtances, as they are expreſled in the Table below. 


AO 109.7 | CP 158.4 | CD 77. "OF I 85.4 
AP 197 | OC 142.6 | EP 117.8 | EF 28.75 
BP 186.5 | BC 1525| DB 31 PG 86.1 


AB 32.4 | DP 142.5 | DE 31.6 | OG 200.5 
[OB 126.6 | OD 154.5 | FP 119.4 | FG 56.05 


To reſolve the firſt Example by Trigonometrical 
Calculation, you muſt note, That every one of the 
Obſervations made at the firſt and ſecond Stations, are 
too much by 15* 50 (the Angle which the Stationary- 
line makes with the Meridian) and therefore muſt be 
ſubtracted from each: Thus, from 60? oo' (the De- 
grees cut at the firſt Obſervation, made at the firſt 
Station O) ſubtra@ 15? 5o/, and there remains 44 
10“ for the Angle AOI, whoſe Complement to 180 
is 135 5o' the Angle AOP; and 15? 50 ſubtracted 


from 43? 45 (the Degrees cut at the firſt Obſeryation, 


at the ſecond Station) there will remain 27* 55' 
for the Angle APO; and if you ſubtract 27* 55 
from 44 100 there will remain 16* 15' the Angle OAP; 
and having all the Angles in ths Triangle APO, and 

| | one 


FI n As 1 R 1 


\ \ 
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one ſide OP, you may eaſily find the other Sides, as was 
ſhewed in the other Example: but the working I ſhall 
leave to the young Artiſt to perform, and proceed 
next to ſhew how the moſt remarkable Places in 
2 Town or City may be taken and laid down in a 
Map. | 


SECT. IL. 


How to take the Diſtances of the moſt remarkable 
Places in a Town or City. 


Let A, B, C, D, E, E, G, H, K, L, and M be ſome 
eminent Places in a City, ſuch as are nominated in 
the Table following; of which make choice of two, 
from each of which all the reſt may be ſeen, as L 
St. Giles's, and M St. Helen's; then upon St. Giles's 
at L, ſet up your Theodolite, or Semicircle, laying 
the Index upon the North and South Diameter there- 
of; and then turn the Inſtrument about, till thro 
the Sights you ſee St. Helens at M, and there fix it, 
Then move the Index till thro the Sights you ſee 
the North-Gate, the Index cutting 37 $0'. Then di- 
rect it to the School- houſe, the Index cutting 77 oof, 
and ſo to all the remarkable Places about the Town, 
noting down what Degrees the Index cut at every 
Place, which ſuppoſe to be ſuch as are exhibited in 
the ſecond Column of the following Table under Sta- 
tion I. St. Giles's. 1 | 
Then removing from St. Giles's to St. Helen's, 
there ſet up your Inſtrument, laying the Index upon 
the North and South Diameter thereof, (as before) 
and turn the Inſtrument about till thro the Sights you 
ke St. Giles's, and there fix it. £0 


Theg 
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- Thea turning the Index about, direct your Sights to 
the North-Gate, the Index cutting 160 30', which 
note down; then to the School - houſe, the Index cut- 
ting 36 45, and ſo to all the remarkable Places, as 


before; ſo ſhall you find the Degrees cut by the Index 


at the ſeveral DireQions, to be ſuch as are ſet down 
in the laſt Column of the Table, under Station II. St. 
Helen's. — 


* Names of the 1 I. Station 11.] 


— 


you obſerve. St Gites's St. Helens 
eg. min. deg. min. 


— . 3 8 


A. North-Gate © 37 30 fs 
B. School-houſe _ 77 oo [36 
C. Chriſt-Chnrch 15 20 0 

| ; 60 
[168 o 40 


1 
3 
6. The Hoſpital [10 45 [269 00 
IH. The Town-Hall 216 30 [248 4 


IE. The Old Tower 1312 30 [342 30 
Having thus finiſhed your Table of Obſervations, 


the next thing that you are to do, is to find the 
Diſtance between L St. Giles's, and M St. Heler's; 


which to do, (if you cannot conveniently meaſure it 


within the Town) you may go out thereof into ſome 


_ - near-adjoining Field, or other open Place, where you 
may. conveniently ſee both the Places; as ſuppoſe in a 


Field at O, and R: where, | 


1. Set up your Inſtrument at O, the Index lying on 


the North and Soath Diameter thereof, and turn the 
Inſtrameat about till thro the Sights you ſee St, G:les's 
at L; and then fix the Inſtrument. fp | 
2. The Inſtrument thus fixed, direct the Sights to 
any Mark ſet up at a diſtance as at R, the Index there 
| | 8 cut 
* 
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ting 4 


2350 Feet. 


upon the Diameter, as before, turning it about ti 


till thro che Sights you ſee St. Giles at L, the Index 
cutting 36 deg. then move it forwarder, till you ſee 
St. Helens at M, the Index cutting 65 30%. And by 
theſe two Obſervations, the Diſtance between St, 
Giles's and St. Helm may be obtain'd by the Di- 
rections in the foregoing Section. For, $ 

In the Triangle. LOR, you have given, (1 The 
diſtance OR 2350 Feet. (2.) The Angles LOR 106 
deg. and LRO 36 deg. the Sum of them is 142 deg. 


whoſe Complement to 180? is 38 i, for We Angle 
OLR, to find LO. Thea, 2 


-By the br Caſe of oliqueangled Trinngles 


a 


Again, 


3. Meaſure the Diltance 8 0 and) R, which 
let by 470 geometrical Paces (of 5 Foot to a Pace) or 


4. Set up your Inſtrument at R, the Index lying 


thro the Sights you ſee a Mark ſet-op'at your former 
Station at-O, and there fix it: Then move the Index, 


As 8. 38%0"OLR b 20022 6.2106580 
To OR 2350 | 3.3710679 
Sos. 360 o LRO MES 27 9.7692187 
ToLO 2244 | | ; 3-3509446 
Again, a 5 78 4-58 ha: 
As% OLR 2 oo 6 0. 2 1065 80 
Io OR 23 50 303710679 
So s, LOR 106* (Com. 70% 95828416 
To LR 366g 5 5 3.364567 


cutting 106 deg. _ chen o St. nun, the Indexcut- 


- 


— DET ou 4 N - 
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Again, in the Triangle OMR, there is given, 
(1.) The Side OR 2350. (2.) The Angle ORM 


65% 30“. (3.) The Angle MOR 66 deg. and alſo the 


Angle OMR 4.8* 30, tofind MR, by Caſe I. thus: Þ 


As s. OMR e neee e 0.1255439 
To OR 2350 32371067 
So s. MOR 66* oo 9.9607302 
To MR 2866œ 3.437342 
. Then for the Diſtance LM, in the Triangle LRM, 
there is given, (1.) The Side LR 3669. (2.) The Side 
MR 2866. (3.) The. Angle LRM 29® 30o', compre- | 
hended between LR and MR; to find the Side LM, by 1 
Caſe III. of oblique-angled Triangles, - 
As the Sum of the Sides 6535 6.184754 
To pr are of the _ 803 2.9047155 
So is t. of half the Sum of the op- 
vpoſtre Angles, - 52: 25” mL 10.579585 
To the t. of half their Diff 25 01 9.66 90553 
5 Som (4100 16 = LMR 
Diff, 50 14 = MLR 
Then by Caſe the firſt, 15 
As s. MLR 5014 8 0.1 142681 
To MR 2866 | 3.4573420 
So is s. LRM 29 300 9.923388 tan 
3 e 
To LM 1836 $03; | 3.2639489 | dh 
ad | 8 as t 


Thus 
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Thus having found the Diſtance between St. Giles's 
at L, and St. Helens at M, to be 1836 Feet, you may 
lay down all the other Places, according to their true 
Diſtances and Situations one from andther, by the 
Directions of the ſecond Section before-going, and as 

you ſee done In the Figure below. hens 


hd _- Pa; as 


_— ĩ 


For the Trigonometrical Calculation of the Diſ- 
ances, you mult obſerve the Directions in the ſecond 
Section of this Chapter, and ſecond Example; only 
obſerve that all Places which fall below the Line LM, 
as the Places repreſented by E, G, H, and K, you muſt 
take 1809 out. of the Degrees and Minutes taken at 
St. Giles, Thus the Degrees cut in making the Ob- 

EO = feryation 


ę&— 7ð 2 R[̈⁊ — 
= 


ſervation to F from St. Gilefs, are 189 3&/, out of 


Angle MLF: and to find the, Angle at M, take the 
Complement of the Degrees to 360. Thus the De- 

grees obſerved at St, Helens to F are 197 30% Which 
ſubtracted from 360, the eee 300, which 
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which take 180%, and the remainder is 7“ 300%, the 


is the Angle LMF; and the Sum of 1627 30“ and of 
7e 30“ is 170 deg, which taken from 1805, there re- 


Place is environed with a Rampire or Wall, 5. 
2 1 ” 


1 


mains 107% co' for the Angle LFM ; fo have you all | 
the Angles in the Triangle FLM, and alſo the Side 
LM; to find the Sides FL and FM. I think I ſhall 
not need to ſay any thing more about it, but ſhall ( 
leave the working to the ingenious Reader, and ” 
only ſet down the Diſtances of each Place from St. i 
Giles's, and St. Helens, as below in the Table. d 
ee Feet 4 

S [A1 © [A 3119 n 

= | B 1700 8 E 2769 be 
Sei 4: C2601 8 

S D 26356 4D 1382 ſe 

8 1E 2522 3 E 820 A 

8 | x 3180 8 FE 1380 leſ 
59 881104 on 
H 3207 : H 2047 th: 
IK 1306 e 5 

| F i ( 

29 f 5 5 as t 
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| 5 | | rer 
Of a Fort, or Fortification ; and of ſeveral Axiom. of 1 
K to be obſerved therein. out: 
| | | 720 

£1 Fort is made to the intent that a few Men WW bot. 
might be able to defend themſelves, and the equa] 

Place, againſt a greater Number. 2. Therefore the on 


Cha. Of Fortification. 245 
Ditch, of ſufficient height, breadth, and depth, to 
impede the Aſſaults of an Enemy. 3. And becauſe 
the Sides thus incloſing a Fort are not of themſelves 
ſufficient, they have therefore Flanks to defend them; 
which Flanks are alſo themſelves flanked by the Cur- 
tains or Sides. 4. And for the better defence of each 
Curtain, it is requiſite that every Side of a Fort 
ſhould have two Flanks; and if the Curtain be very 
long, it may have four, fix or more. 5. And fo there 
will be two Flanks placed near together, the one 
ſcouring the Side towards the right Hand, and the 
other towards the left, either Flank ſtanding perpen- 
dicular to the Curtain that they flank. 6. And ſee- 
ing the Curtains and Fronts of a Fort are eſpecially 
defended 3 therefore the greater the Flanks, and the 
Gorge between them are, the better they are. 7. 
And foraſmuch as the Front of a Bulwark needs the 
moſt defence, it ought ſo to be drawn, that it may 
be defended by Shot from as great a part of the Cur- 
tain as may be, which part of the Curtain 1s called the 
ſecond Flank. 8, The outward 1 Angle ought 
never to exceed 8 Degrees; for by how much the 
leſſer, ſo much tht better it is: neither ſhould the 
outward, or Diamond- point of a Bulwark be greater 
than go Degrees, or leſſer than 60 Degrees. 9. And 
as the inward flanking Angle, and the Angle of the 
Shoulder of the Bulwark increaſe and decreaſe toge- 
ther, one exceediug the other 90 Degrees; therefore, 
as the inward flanking Angle ſhould never be leſs than 
15 Degrees, ſo the Angle of the Shoulder ſhould ne- 
ver be leſs than 105 Degrees. 10. The longeſt Line 
of Defence, drawn from the Angle of the Flank to the 
outward Angle of the Bulwark, ſhould never exceed 
720 Feet, for that it ought not to-be without Musket- 
ſhot. 11. A regular Fort is ſuch a Fort as conſiſts of 
equal Sides and Angles. And 12. ſuch a Fort doth 
encloſe a greater quantity of Ground, and the Force 
519 all Parts alike; therefore a regular Fort, if the 

R 3 Ground 
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Ground or Place will admit, is better than an irregy- 
Jar one of the like number .of Sides and Angles, 
13. And by what hath been already ſaid, in the 
eighth beforegoing, it is evident, that a Fort of three 
Sides and Angles 1s of no moment, nor one of four 
of any great value ; but the more Sides and Angles a 
Fort hath, the better and ſtronger it is. Wherefore, 
14. If the fixed Line of Defence be 720 or 72 Rods, 
then may the Curtain be about 42 Rods, the Front of 
the Bulwark about 28 Rods, and the Flank to the 
GorgeasGisto7, and the * . the Flank 
about 40 Degrees. | 


SECT. II. 


Explaining the Terms of Art uſed in en 
eſpecially of the Parts or Members of 4 Fort. 


J. A Fort is a piece of W eu vironed with a bw 
pire or Wall, and a Ditch to 1 \ Any the Aſlaults 
of an Enemy, 

II. A Fortreſs is a ſmall Fort, Caſtle, or Sconce. 

HI. A Rampire is a Wall of Barth encloſing the 

Place fortified, the Foot or Foundation whereof is 
(in the Figure below) noted with a b. 

FV. A Curtain ON. 

V. A Bulwark NFGHE. 

VI. The Front of a Bulwark FG, or KL. 

VII. A Flank NF, or OL. | 

VIII. The Gorge of a Balwark, or the ſpace between 
two Flanks, as NE. 

IX. The Gorge Line NC. 


I X. The Head-Line CG. 


XI. The Shoulder E, or L. 
XII. The Diamond - Point of the Bul wark, or ſome⸗ 


Emes the flanked Angle of Us * G. III. 
Auld 
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XIII. The ſecond Flank O 5. 
| x The fixing-fixed, or longeſt Line of Defence, 


xv. The ſhorteſt Line of Defence, G. 
XVI. The inward flanking Angle Fi N. 
XVII. The outward flank Angle, KPG. 


XVII. The Falſe-bray, the Breadth whereof is noted 
with BC. 


XIX. The Ditch, the Breadth what is noted with 
de. 


XX. The Covert - way, the Breadth whereof | is noted 
withef, 
XXI. A Caſemate, 
XXII. The Parapet, viz. of the Rampire, e 
and Covertway. 
XXIII. The Walk on the Rampire. 
XXIV. The Scarp inward and outward, viz. of the 


Rampire, Parapets, and Ditch, 
XXV. Paliſadoes. 


XXV I. A Bank or Foot. path. 
XXVII. The Brim of the Ditch, 
XXVII. The Counterſcarp. 
XXIX. A Ravelin. 

XXX. An Half. Moon. 
XXXI. A Horn-work. 
XXXII. A Trench. 

XXXIII. Gabions. 

XXXIV. A Breach. 

XXXV. A Mine. | 
XXXVI. A Counter - mine. 


There are ſeveral other Terms uſed in this Art, 
which | ſhall here omit, my deſign being only to ap- 


Fl the Doctrine of Plain Triangles to Practice in this 
rt. 


R 4 SECT. 


| | % 
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To find the Quantity of the Angles in all Parts 
of a Fort, of any number of Sides propoſed. 


| By the 13th Axiom foregoing, a Fort is to confi 
of four Sides at leaſt; and by the 8th Axiom, the flank. 
ed Angle of a Bulwark ought to be at leaſt 6o degrees; 
therefore in a regular Fort of four Sides, the flanked 
Angle of each Bulwark ought to be 6o deg; and, by 
the gth Axiom, the outward flanking Angle (exceed- 
ing the inward flanking Angle by go deg.) muſt needs 
be 150 deg. = TE. . 
In this Figure, let BC be one fide of a Square for- 
tified with four Bulwarks, one of which let be N, P, 
G, H, T; and ſeeing. the flanked Angle of this Bul- 
wark FGH is 60 deg. therefore the half thereof FGG 
is 39 deg. and IGC (being equal to DCA, namely, 
half the Angle of the Tetragon or Square) 45 deg. 
therefore SGF is 15 deg, and the Complement thete- 
of SFG 75 deg. whereto is equal the Angle IMG, 
which is half KMG. Therefore the outward flanking | 
Angle KMG is 1 50 deg. Which was to be proved. 
And thus ſeeing in a quadrangular Fort, the 
flanked Angle is 60 deg. and the outward flanking 
Angle 150 deg. what theſe Angles will be in other 
Forts, conſiſting of more Sides than four, we may 
find by help of theſe in manner following: for which 


this is the . „ 
Suhtract the Angle of the Square 90 deg. from the 
_ Angle of the Polygon; half the Remainder add to the 
flanked Angle of the Square (viz. 60 deg,) ſo have 
you the flanked Angle of the Polygon propoſed. Alſo 
ſubtract the Half-remainder from the flanking Angle 
of the Square (viz. 150'). and the Remainder is the 
flanking Angle of the Polygon propoſed, 
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nie, 
O Pentagon. 


The Angle at the Perimeter of the Pentagon is 1 od 
The Angle of the Square ſubtract | 2 0 
The Remainder is. if 
The half thereof is 9 
Which added to the flanked Angles of the Square 60 
Gives the flanked Angle of the Peatagon 69 

From the flanking Angle of the Square 150 
Subtract the aforeſaid half Remainder ES 
There remains the flanking Ang. of the Pentagon 141 


EXAMPLE II. 
Of Hexagon. 


From the Angle of the Hexagon, being 120 
Subtra& the Angle of the Square _ 90 
And there remains 5 | 30 
The half whereof is 15 
Added to the flanked 3 of the Square 60 

Gives the flanked Angle of the Hexagon ok 
And from the flanking Angle of the Square 150 
Subtra@ the foreſaid half Remainder 15 
There remains the flanking Angle of the Hexagon 135 


And proceeding in this manner, you ſhall find, 
that the flanked Angle will not be 90 degrees, till you 
come to a Fort of twelve Sides. . 

Now the flanked Angle of a Bulwark being known, 
Fou may thereby come to the knowledge of all the 

other Angles requiſite to be known, NN 


Ia 


In Fig. 3. Let BC be the Side of a Pen- | d. m. 
tagon, whoſe Angle at the Center is BAC] 72.00 
The half whereof is w CAD| 36.09 
The Complement thereof to go deg. is DCA | 54.00 
Now admit the Angle at the Bulwark FGH | 69.00 
The half thereof FCG | 34.30 


Equal to FPN, the Compl. ofeither SFG] 70.30 
Subtracted from two Right Angles 1 80.00 


Again, The ſame Angle SEG, or IMG! 70.30 
Doubled, gives the outward flanked Angle 


Laſtly, From two right Angles _ - | x8Qcg 
Subt. half the Ang. of the Polygon BCA | 54.00 
There remains the Angle DCG | 126.00 


And thus, from any flanked Angle propoſed, you 
may find the Quantities of the other Angles. 


pendiouſly ſet down the Angles of the Bulwark, and 


following; remembring, that if the Polygon have 
more than 12 Sides, you make the Angles at the Bul- 
wark a right Angle, 


| 2 | <-> 
Jo half the Angle of the Polygon BCA] 54.09 


* - 


Whoſe Complement is SFG | 79-30 
1 Which 
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Subtracted from SGC, is equal to DCA] $54.00 
Remains the inward flanking Angle S8 F] 19.30 


Leaves the Angle of the Shoulder NEG | 109.30 


KMG | 141.00 : 


But for any Polygon propoſed, you may more com- 


all the other Angles after the form of this Example 


Add always | | 15-00 
The Sum is the flanked Angle FSH I 69.00 
The balf whereof _  FGC| 3430 
Subtract from half the Angle of the Poly- 
" BCA}, $4.90 
There remains the inward flanking Angle | 
| | SGF | 19.00 


\ | ( 
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Which ſubtracted from two right Angles | 180.00 
Leaves the Angle of the Shoulder GFN 109.00 
And the ſame Complement SFG, or IMG | 70:30 
Doubled, is the outward flanking Ang. KMG | 141.00 


For the Angle forming the Flank,” namely, the 
. FCN, it may be always about 40 Degrees. 
And according to this Rule is the following Table 


made. 


A TABLE 


9 


* 4 


- 
2 


 fortifying the — Polygons following. 


7 T 7 BL E of 2 — of the Angles obſerved in 


— of —_= Sides of the LEY ons. 3 VI | VI VIII | IX X 
ö - n D. M D. M. D. D. M. D. M. D. M. 
* whe Center BAC I 72. 00] 60.00] 51. 26 45. 00 40. 0 36. oo 
E ones BCE] 108. oo 120. o0 128. 34 135. 0/140. 0144. © 
Half the Angle of the Polygon BCA] 54.00] 60. 0 64.17] 67. 30] 70. of 72. © 
To which (always) add | 15. 00 15. 15. 15. 0 15.0 | 15. © 
The flanked Angle FGH| 69. o] 75. 79. 17] 82. 30] 85. of 87. o 
Half the fanked Angle | FGC] 34. 30 37.30] 39-38] 41. 15| 42. zo] 43. 30 
Inward flank Ang. FPEN, or SGF| 19. 30 22. 300 24. 39] 26. 15] 27. 30 28. 30 
Which add to a ight Angle 90. 00] 90. of 90. of 90. Of 90. of 90. © 
Angle of the Shoulder NFG 109.30 112. 30 114.39] 116. 150117. 30[118, 30 
Angle oppoſite to the Head Line GFC| 59. 30 62.30] 64. 39 66. 15} 67. 30] 68. 30 
Angle oppoſite to the Front FCG| 86.004 80. of 75. 43] 72. 30] 70co0f 68. o 
Completnent of SGF, viz. SFG 70, 7 67.30] 65.41] 63.45] 62.30] 61.30 
Outward flanki Angle KMG, 141, 0135. 0131. 22127. 30125. 0123. of 
Angle Froming the Flak FCN} 40. o 40. 0 40. 40. 0 40. 0 40. 
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nen © 
Of | the Quantity of the Cartains, F lanks, Fronts, 


Gore es, and Lines and Sides, in regular Forts, 
of any determined number of Sides. 


There is no neceſſity that the Angles in Forts 
mould be exactly ſuch as are found by the foregoing 
Rules, but they may be ſomething more or leſs as 
the Place or other occaſions ſhall require: But firſt; 
ſuppoſing them to be ſuch, 1 will ſhew how to deter- 
mine the quantity of the Sides and Lines of a Fort 
accordingly, by Trigonometrical Calculation. 

The Length of the Curtain, and of the Front of the 
Bulwark given, to find what the other Sides and Lines 
ſhould be. 8 5 

As in the regular Pentagonal Fort, Fig, III. and ſo 
in others, to the intent the Line of Defence may be 
about 72 Rods; the Curtain 42, and the Front about 
28, as is before noted in the 14th Axiom, and that 
the Proportion of the Flank to the Gorge be as 6 
to 7; and let the Angles be as are expreſſed in the 
Table above: Then, e 


The Curtain is ; ON 420 Feet 
The Front of the Bulwark FG 280 Feet 


Then will the reſt of the Sides be found by Trigo- 
nometrical Calculation, as followeth. 


In the right-angled Triangle SSF; by Caſe III. 
As Radius go? | 8 
To the Front of the Bulwark FG 280 2.44715 


So is s. of the inward flanking Angle? 
0 & 9.52350 
To the Line SF, 93.47 1.97065 


Again, 
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Again, by the ſame Caſe, . 3 | 
As Radius 90 . 8 a 470 5 10. | 
To the Front of t e Bulwar 200 | 
- + oor 0 $ ITY 
985 80 the Coſine of the i inwar flanking 3 
Angle 90 3% 2 9.97435 


** 


To the Line SG © 263. 94 Feet 5 2.42150 | 
Halt the Curtain 81 210.00 add ' 


| The Sum is 473.94 for the Line 1G ; 
which doubled, is the Side of the outward Polygon, 
or the Diſtance of the Diamond-Points of the Bul- 
wark KG 947.88 Feet. 


In the Triangle IAG, by Cale II. of right-angled 
Triangles ; 
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As the s. of half the Nag at the Cen- it 
IAG 300 ee, 8 9.76922 lh 
Is to half the Side of the outward Pen- 4 
tagon 473.94 5 2 67502 . 
BEL —  ]}_ 10. 14 
To the denier of the outward ; j 
_ Pentagon AG 806.3 $ e 


In the ſame Triangle, by caſe I. 
As s. of the Angle [AG 36* O Co. Ar. o. 2 S 
To half the Side of the Pentagon 473-94 2 67572 
So is C.s. of half the Angle at the 73 

Center AGI 5% % =&; 9.90796 


18 


To the Perpend. of the outward Pen- 
Wien Al 652.3 2 a 3446 


88 
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2 * of Furtificati Part Il. 
In the Triangle FCG, by Caſe L of oblique-angle 
Triangles 3 

As thes. of the Angle ECG 86" o0' "A Ar. 0.00106 
Is to the Front FG 2e 23444715 
80 8. of the Angle FGC: 34 £4 : _ 9:75313 


— 


To the Line FC 158. —— pe Ger . 2. 201 0134 


In the ſame Triangle, by the fame Caſe 1 
As s. of the Angle FCG 86* o Ar. C. 1.00106 
To the Front FG 280 2.44715 
S8os. of the Angle GFC 59 W 8.93532 


To the Head-Line C 24 4.44 8. 38353 


Which ſubtr. from AG 806.31 the Semidiam. of ©. 


the inner Pentagon | — 
ü Tbere remains + $6487 


oy — __, 


In the Trian ole FCN, by Caſe m. of ri ight-angled 
Triang es; 


de to the Line FC 1 $8.98 ns. 2,20134 


So. s, of the on forming the Flank 


To the Flank 102.19 


The Flank FN being 
Add to it the Line firſt found, 8 


Tue Sum is the Diff. of the Pentagons ID 195.66 
© Which ſubtract from the deren. Al 652.32 


# # 


There remains 


— for AD the A of thei inner WE 2 


Ig 


Ti 


Chap“3. 


d. 7 l 10 


V Fortificatin. 
la the Triangle 5575 by Caſe = by: eee 
Trlangles. 


As Radius to the Ling. FC 1 68. 1 
So cs. of the Ang. forming the Flank FCN 9.88425 


To the Gorge Line NC 21.78 


To the Gorge Line NC 
Add half the Curtain DN 


The Som i is the Line DC 
Which doubled is BC 


121 1.98 
210 


— — | 


331.78 
663.56 


— ia Side of the Inner Pentagon. 
ik the Triangle | FPN, by Caſe I. of in- angel 


Tri 


216 gend ot 1 
To. — Flank FN . 19 


So is the Coſine of er guns e 9.97435 


Angle 16˙ũ 10 
To the Line PN 


As 8. of the inner ann Pere 


288.58 


Which ſubt. from the Curt. ON 420 


The remaind. is the 24 Flank OP 131.42 


my 
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2. 20134 


2.08559 


0. 476 50 


2.00941 


——__— PY 


2.46026 


la the Triangle ROG, by Caſe IV. of 2 


Triangles. 


To the Line before found SG 263.94 


Add the Curtain ON 
The Sum i is the Line RG 


” % "ot 
z 4 } 


420 


| ——ů rea 


633.94 


258 Of Fortification: 

,,,, een 
As the Line RO, or ID, 195.68 J. 0850 
To the Line RG 683.944 233502 
So is Radic c. 4 410 


Tot. of the Angle ROG 94 o 


Secondly, un 
As the s. of the Angle ROG 74* o“ 
Is to the Line RG 683. ag 
So is Radius 1 821 10. 


2 
ww 00 + 
wa d Us" 
O © A 
do = 5 Dd 


To the length of the Line of Defence 
OG 711.4 | c net 
— 

Thus have you the manner how to find the Sides, 
Lines, and Angles of any tegular Fortification, by 
Trigonometrical Calculation, whereby the Excellency 


8 


8 5 2.8521 I h 


of Plain Trigonometry in ſome meafare doth ap- 
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* 
663 mY * * x" TY Sax RW 


EOS — 


_- we * 


— 


CHAP. w. 


ot NAVIGATION. 


metry in this moſt excellent Art, in as brief a 
Method as I can, yet ſo full and clear, as that it may 
be eaſily underſtood by a Learner; and firſt I ſhall 
begin with a 6 


TRTTY 
PLATIN SAFLING. 
en 


The Conrſe and Diſtance run being given; to find 
the difference of Latitude and Departure. 5 


Admit a Ship ſails SW b W. 496 Miles, I demand 

her difference of Latitade and Departure, 
t, As Rad. to the Diſt. run 496 2. 69548 
So s. of the Courſe 56 15 9.91985 


8 | To the Departure 412.4 85 | 2.61 $33 


1 — —— —— ÄÜſJT 
AA r 
ee — 


SHALE fhew the Uſefolneſs of Trigono- 


«40 


A 
5 — 
rr 
2 — * af 
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2. As Rad. to the Diſt. run 496 2.69548 
Socs. of the Rumb 33% 45 n. 
To the Diff. of Lat. 25.5. 2444022 


z RW 2 8 
2 « 2 7 
* 42 


Alait a ohio 1 in the Lacks 325 North, and fails 
away NE b N E 92 enn: : 1 demand't the Lati- 
rude and Departure. 


I. As Rad. to the Diſt. run 92. 1 2.96378 
So is cs. of the Courſe 50" 35” _ .;.. 9.9882; . 
To the Diff. Lat. 7171 0 2.85201 © 

7 

, 

ren 

5 Wii. | tan 

2. As Rad. to the Diſt. 92 — 3 96378 : 
So s. of the Courſe 39 220 1 91 150 9.80228 


To the Departure * 5 55 2.76606 


Divide the Diff. of Lat. and Departure by 20, (be- 
cauſe 20 Le. is 1 Degree.) 


2 005, . S006 
g—=I 218 
= SQ 
— — wy, > — 


33 min. : 5 : 44 
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So the Latitude the Ship is in is 35* 33“ North, 
And ſhe is departed from the Merid. 2 54 Eaſterly. 


Upon Gunter's Scale there is a Line of Sines, and 
Rumbs, marked with SR, which is a Line divided to 
every quarter Point of the Compaſs in the Nature of a 
Line of Sines, If you extend your Compaſſes in that 
Line from Radius, which is at 8 Points, to the Com- 


Points and a half; that extent will reach from the 
Diſtance run 92, to the Difference of Latitude 71.1. 
And extending from Radius to the Courſe 34 Points, 
+ that will reach from 92 the Diſtance run, to 58.4 the 
Departure. | | 


CASE I. 
The Conrſe and Difference of Latitude being given, 
to find the Diſtance and Departure. 
Admit a Ship fails NW b W + W, until her Diffe- 


tance run, and Departure. 


1. As cs. Courſe 28? 8/ | „ 
To the Diff. of Lat. 275.5 2.44011 
So is Radius „„ 10. 

P 
be 
> 
Pt 
2. A8 


lement of the Courſe, which in this Example is 4 


rence of Latitude be 275.5 Miles: I demand her Diſ-— 


262 Of Navigation. Part U. 
2. As Rad. to the Diſtance run 584.3 2.76661 


So is the s. of the Courſe 61* 52/ 9:94539 


Lo the Departure 515.2 23.1200 


—Y 


— 
— * bs Ty n 
— — 


Admit a Ship in the Latitude of 4% North, fails 


away NW b N + W, until ſhe comes into the Latitude 


of 43 56': 1 demand her Diſtance run, and Depar- 
ture. * | | : 


43* 56“ 1. As cs. of the Courſe g0*3955 9.88813 


40 oo To the Diff. of Lat. 236 2.37291 
So is Radius . 
3 56 — —— 

50 To the Diſtance run 305.3 2.48478 

236 Miles | 


2. As Radius to the Diſt. run 207, „ 2.48478 
So is the Sine of the Coarſe 39 23% 9.80243 


To the Departure 193.75 2.28721 


If you extend the Compaſſes in the Line SR from 
4 Points to Radius, that extent will reach from 236 
to 305.3 in the Line of Numbers; and in the ſecond 
Proportion extend rom Radius to 3 + parts, that will 
reach in the Line of Numbers from 305-3 co 193.75; 


CASE 


7 
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aut CASE FEE 


The Courſe, and Departure being given; to find the 
Diſtance run, and Difference of Latitude. 


Admit a Ship fails SW b W until her Weſting be 
412-5 Miles: 1 demand her Diſtance ſaid, and Diffe- 
rence of Latitude. BE 

1. As s. of the Courſe 56* 15/ 9.91985 
To the Departure 412 2.61542 
So is Radius 10. ä 


To the Diſtance run 496.1 2.69557 


* 
90e ; 
55 eee 


1 
5 


2. As Rad. to the Diſtgnee 496. 1 2.69557 


To the Diff of Latitude 2756 


2.44031 


n 


Admit a Ship in the Latitude of 50 North, and 
ils SW bs until the be departed from the Meridian 
62 Leagues: I demand the Diſtance ron, and what 
Latitude the Ship is now in. : 


S 4 | 1 hs 
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1. As s. of the Courſe 335 45 9.74474 

Is to the Departure 62 1 1.79239 
—xp EZ 10. 


To the Diſtance run 111.86 a 2.04765 


2, As Rad. to the Diſtance run 111.6 2,04765 


So cs. of the Courſe 56" 15/ | 9.91985 
To the Diff, of Latitude 92.8 „ 1.96750 
Lat. come from 50 oc/ 
Diff. Lat. ſobtr. 4 38 
Lat. come to 45 22 


bai 


„ 


Tbe Diſt ance run, and difference of Latitude given; 
to find the Courſe and Departure. 


| Admit a Ship in the Latitude of 6* North, and 
fails away between the N. and E, 98 Leagues, until ſhe 
comes into the _Latitudg of 9 45'- 1 demand the 
Courſe and Departure, - 

A} 


* & + * 
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9 45 | 
As the Diſtance run 98 1.991236 oo 
Is to Radius 20 „ 
So is the Diff. Lat. 1S.. 1.875064 3 45 
| —— 20 
To cs, of the Courſe 40 of 9.88383 | — 
| | 5 
As Radius to dus Diſtance 1 run 98 1.99123 
So s. of the Courſe 400 -— | 9.30867 
- To the Departure 6377 1.79990 


The Courſe is NE b N 619 Eaſterly; that i is, a 


little above + a point Eaſterly. 


The increaſe of ne is 35 95 


— 


Admit a Ship i in 1405 N. Latitude, ſails away between 


the S. and W. 105 Leagues, until ſhe comes into the 


Latitude of 3608 98. 1 demand her Courſe, and De- 


parture. 
40⁰ oo! 
36 os As the Diftance run 103 Le, | Ke O21 189 
— s to Radius 
3 54 So is the Diff, of Lat. 78 41 892094 
— | 
8 0 c5, of the Courſe 42% 1” 9.87090 
78 Dif, Lat, T ! 2 8 8 pf 1 5 
b | AS 
2 


_—_ 
— 


MO, 


3 . 
„„ N 

— . * — 

> — r 
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. 78 Leagnes . 
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As Radius to the Diſtance run ro5 2.021189 
Sos, of the Courſe 42 01 9.825651 


— OS IT 


| To the Departure 70.3 13846840 


The Ship's Courſe is SW bs near 4 Weſterly, and 
3" 310 decreaſe of Longitude. | 


a — 
n 
os py - or 3 * 


— Ae. 


The Diſtance run, and Departure being given; to 
find the Courſe, and Difference of Latitude. 


Admit a Ship in the Latitude of 40 S. and fails be- | 
tween the N. and E. 100 Leagues, until ſhe be departed 
from the Meridian 62 Leagues: I demand the Courſe, 
Difference of Latitude, and what Latitude the Ship 


— = 0 * _ Bs 
— he Hs 444" gt 
& wn Son ate 4 


is come to. ä 
| Z As the Diſtanee run 100 2. oo00⁰ 
1 Is to Radius 1 6 
1 So is the Departure 2 1.79239 
To s, of the Courſe 38* 19 9.79239 


As 
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.62 Le. 


As Radius to the Diſtance run 100  2-00000. 


| Socs. of the Courſe 51* 41” 8.89464 
To the Difference of Latitude 78.3 1.89464 
40* oo! Lat. departed from Tt 


3 55 Diff. of Lat. ſubtr. 


38 o5 Lat. the Ship is come to. 


Admit a Ship ig the Latitude of 1* South, and 

fails away between the N. and W. 96 Leagues, until 

| ſhe be departed from the Meridian 56 Leagues. I de- 
mand her Courſe, Difference of Latitude, and what 


Latitude the is come'into. | 
As the Diſtance run 96 1.982271 Fl 
Is to Radius | | we ET: | i 
So is the Departure 56 1.748189 Fi 
Tos, of the Courſe 35 47 9-765917 ' 
CIA ll 
| 
i 
ti! N 
il | 


07% Navigation. 


— e 


As Radius to the Diſtance run 9g8 
So cs. of the Courſe 54 “ 


Jo the Difference of Latitude 78 


35 54 Difference of Latitude 
x oo Lat. come from ſubtr. 


2 54 Lat. North come to. 


Part II. 


1.982271 
9.909691 


1.891962 


CC As E VL 


ee of Latitude, and the Pepartur be- 
ing given; to find the Courſe and Diſtance run. 


The Differen 


Admit a Ship in the Latitude of 20 South, and 
fails away between the North and Eaſt until ſhe comes 
into the Latitude 16* 15/, and be departed: from the 

I demand the Courſe and Diſ- 


Meridian 59 Leagues. 
tance run. 


3 3 45 Diff, Lat 


/] Leagues. 
*Y 


Is ts Diff. of Lat. 75 Leagues 1.87506 
Is to Radius or Tangent of 45? 10. 

So is the Departure 59 Leagues 1.77085 
To the t. of the Courſe 33 11/ 9.89579 


"| 


75 Le 


As s. of the Courſe 38˙ 11 gott 


Is to the Departure 8 1.77085 
So is Radius ee G01 Be 
To the Diſtance run 95. 4 1.97974 


The Courſe is NE b N 4 eq gane 


— 


Admit a Ship is the nctebde of: 20%-Northy'aad- 
fails away between the South and Eaſt, until ſhe 
comes into the Latitude 16, and be departed from 


the Meridian Fe Ro i demand Dar Courig and 
Diſtance run. 


3 nid 0 Ea 
2 Pk OE 9 #04 ot 60 i bn 
20? | „ 2 watt Fs ' 
16 As the pi of Lat. 8 Leagnes.”. tf. N 1.90309 
— Is to Radius Sac! 102111 
| = Soi is the Departure 64 Leagues l 1.80618 
20 
ny Tot. of the Courſe 385 4⁰ | 9 90309 
0 
* = 


As 
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Swi hav to reſolve 4 — or _ 2 


| Latitnde, . and direct Nl and Dil- 
| tance ? 


\ 
| ; 
> - p 1 * 
a 1 , k * N 5 1 x 
" - * * 4 : o 8 1 5 
% 2 , 
. . - 
. * A as ” . 
4 * * . 7 * 
1 


80 Ie 


6+ Dc 77 
As s. of the Courſe 389 go” 9.79573 
Is to the — 64 1.0610 


So is Radius 4 IQ 


| To the Diſtance run 102.4 11 | - 2. 01045 


_  _ 


SECT. . 


| Courſe es imo one. 


A Ship i in the Latitude of 11 North, is bernd for 
a Port bearing due South; but by reaſon of contrary 
Winds ſails as followeth, SW bS zo Miles, 8. 33 


Miles, NNW + W 32 Miles, SW 39 Miles, SE 
9 Miles, ESE. 21 Nies. What is her Difference of | 


Courſe 


ee 
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| 1 15 5 Differ. | Lat. | Departure. 
| { 2D Ta 7 F 

wes zo ; | x 2454 | 16.67] 
| SB: 331 8 | ns | 33-00 | 
INNW3W] 322222 [2822] [113.08 

EA +, 431 262010 
| dumm J up s f N 28.22 96,07 | 16.62 $9.31 ö 
T J 3.2] Þ 16.62; 
| Difference of Latitude I 67.85 [Depar. | 42,69 | 


By Caſe I. of Plain-Sailing, find the Difference 


of Latitude and Departure from the Meridian, for 


all the Courſes and Diſtances ſeverally; thus in the 
firſt of them there is given the Courſe SW bS, that 
is 3 Points from the Meridian, and the Diſtance run 
30 Miles: Then as Radius to 30, ſo is cs. of the Courſe 


do the Difference of Latitude 3 and as Radius to 30, 
ſos. of the Courſe to the Departure. Then becauſe 
the Courſe is S. Weſterly, place the Difference of La- 


titude 24.94 in the South Column under S. and the De- 
parture 16.67 in the Weſt Column under W; then 
find the Difference for the next Courſe which is 8, and 


therefore the Difference of Latitude will be 33 the 


ſame as the Diſtance, which place under S. and be- 
cauſe there is no Eaſt ing nor Weſting, therefore there 
is nothing to put in the Eaſt or Weſt Columns. 
Then for the next Courſe, find the Difference. of 
Latitude and Departure by the laſt Sea. Caſe I. 
as before; and becauſe the Courſe is North Weſ- 
terly, place the Difference of Latitude in the N. Co- 
lumn, and the Departure in the W. Column, and ſo 


proceed in all the reſt. 


Having 
— 
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Having found the Difference of Latitude and Depar- 


ture from the Meridian for each Courſe, and placed 


them in their proper Columns; add up the North, 
South, Eaſt and Weſt Columns, and ſubtradt the 
North and South Columns one from the other, that 
is the leaſt from the greateſt, in like manner the Eaſt 
and Weſt Columns. As in the foregoing Table, the 
Sum of the North Column is 28.22, ſubtract from the 
Sum of the South Column 96.07, the Remainder 
67.85 is the Difference of Latitude Southerly : and 
the Sum of the Eaſt Column 16:62; ſubtracted from the 
Sum of the Weſt Column 59.371, the Remainder 42.69 
is the Departure from the Meridian Weſterly. | 

Jo delineate or draw a Traverſe by Scale and Com- 
paſſes, Mr. Atkinſon in his Epitomy gives us four 


Rules for finding the Nen ee em the "rg | 


which are as followeth. 


| | Rule t. Two Meridiane, _ two Parallels; the 


leſſer Courſe ſubtracted from the greater, Gen the 


0 Angle between both Courſes. 


"Rule 2. Two Meridians, and one Parallel; add both 


Courſes together. 
Rule 3. One Meridian, And two Parallels; ; \ſub- 


tra® the Sum of both Courſes from 16 Points. 


Rule 4. One Meridian, and one Parallel; add g 


Points, the leſſer Courſe, and the Complement of the 


e Steater e the Sum is the ſaid Angle. 10“ 


Nore i; North and South are called Meridlans, and 
Eaft and Weſt are called Parallels. 


2. By Complement of the greater Courſe, onder- 


ſtand how much it wants of 8 Points, | 

3. To know the Meridians and Parallels, the firſt 
and ſecond Courſes are compared together, and ay 
ſecond and third, and the _ _ Pp GC . 


In 


— Fa He IE rene — 
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In the foregoing Example, having ſet down the 
Courſes, the Diſtances, and Points from the Meri- 
dian in the firſt, ſecond, and third Columns, in the 


fourth Column put the Points for laying down, which 


are found by the four foregoing Rules, thus: The 
firſt Courſe is ever the ſame with the Points from the 
Meridianz for the ſecond Courſe it is 13 Points, 
found by comparing the firſt and ſecond Courſes to- 
gether, in which are 1 Meridian and 1 Parallel, and 
by the 4th Rule it makes 13 Points. Again, com- 
paring the ſecond and third, and it is 2 Meridians 
and 1 Parallel, which by the ſecond Rule makes 2 + 
points; and ſo for the reſt, as in the foregoing Table. 
By theſe Points for laying down it is eaſy to de- 
lineate the Traverſe, as in the following Scheme. 
Firſt draw the Meridian NS, and on N draw an 
Arch with 60 deg. of Chords; on which Arch lay 3 
Points, and by it draw a SWS Line, laying thereon. 


| the Diſtance 3o Miles fromNto A. 


Secondly, With a Chord of 60, and one Foot in A, 
with the other draw an Arch, on which lay 13 Points; 
that is, lay 7 Points and 6 Points, and draw the Line 
AB, and upon it lay the Diſtance 33 Miles: proceed 
after the ſame manner with the reſt. | 


11*00/ e 
1 08 Diff. Lat. ſubt. 


9 52 Lat. come into. 


Having the Difference of Latitude, and Depar- 


. the direct Courſe and Diſtance may be thus 
ound, 43 | hand 


As Diff. Lat. 67,85 99 2 1,83155 
To Radius Et, 10 
So is the Depart. 42.7 1.63033 


Sw. 


To t. Courſe 32 11 ET 9.798 78 
T As 


— e — cone — — —— — — — —ͤẽ r— 
— - * . — ——-—-—t— . — ͤ — — —— 
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P 3 


ſwer 


As cs. Courſe 57 49 9.92755 
To Diff. Lat. 67.85 1.83155 
So is Radius | 10. 


F oY 9 2 


To Diſtance 80.19 | 1.90400 


Suppoſe a Ship in the Latitude of 4; N, and is 
bound for a Port bearing NW b W and in the Lati- 
tude of 50 5%, but by reaſon of contrary Winds 
fails as follows, NNW 35 Leagues, NE U E 42 Le. 
WNW 38 Le. W 20 Le. NWh N23 Le. Nile 
ENE 39 Le. SW W 48 Le. NE 31 Le. NNW, 
+ W 38 Le, and Wb Nag Leagues; I demand th 
i# — iffe⸗ 


ts) CY), 9% 
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Difference of Latitude, and Departure; and alſo the 
true Courſe and Diſtance that 1 have made my way 


good, and alſo the true Courſe and Diſtance to the 
Fort I am bound to. HS | 


0 * 4 2 1 nn 2 


— — — 


| Courtas | : F owe Lat. - Departure, 
* N. 8. E. 
NNW [| 35 | 2 | 32.34 13.39 
NEC E 4 23.34 34.92 | 
WNW 386 |] 14.54 35.11 
W 20 | 8 20. 
NWYVNIZ2;3 3 | 19.12 12.78 
N 120 | I2. | | 
ENE 39 | 6 | 14.92 36.03 
SWW 485 Is. 66 39.9114 
NVE 311 | 30.40 | 6.05 | 
NNW 2 38 2233.51 | | 17.9114 
WIN [4342 1 898) J 144.14 
Summ'd up 1188.95] 26.66 | 77.00 1183-24 |. 
Subtract 26.66 | 77. oo 
Difference of Latitude 162.29 [Depar. [106.24 


Find the Difference of Latitude and Departure an- 
{nerable to every one of the Courſes, thus; 


x As Radius 1 

” ant 30 8 9.30184 
To Depar. dads - 5 1.12691 
To Dil 3, * 
So cs. Courſe 9.96561 


To Diff. L. 32.34 1. 50968 
Tx _ Becauſe 


—— — — — T — yo 


4 
£ 
. 
74 
&$ 
76 
* 
* 
! 
7, 
35 
U 
1 
ö 
| 
pi 
| | 


it 
4 
| 
if 
i 
th 


oe 3 „ 
. ORs 
py _—_—_— 4 2 — 


27 6 of Navigation. : Part II. 


Becauſe the Courſe is North Weſterly, place the 
Difference of Latitude in the North Column, and the 
Departure in the Weſt Column; and proceed after 
the ſame manner to find all the reſt: then add up the 
ſeveral Columns, and ſubtract the South from the 
North, (the South being the leſſer.) And the Re- 
mainder 162.29 is the Difference of Latitude Nor- 
therly (becauſe the N. Column is the greater) and 
ſubtract the Eaſt from the Weſt, the Remainder 
106.24 is the Departure Weſterly. 5 

You may delineate the Traverſe by the Northing, 


Southing, Eaſting aud Weſtiog, thus. 
| „ 
„ 
. \ | 
A. N 8 > 
| 2 
4 N W 
J NY 
/ 3 
1 : df of Late . 
v4 2 
. * : = ak ; 
+ . box d. 
Fs wt” 8 
/ ** ' £ 
V, i n | 
P * Fre. 
/ pe” * ;. 
* 2 | — ii 2 : Þ 
7 | ff”, wi 19 7 5 7 
5 „ f = 
* wg” | 1 
Py 4 Y Vi > a; 
ee , ” | 
f : T1: H | = i ; 
f ; Bf 
: ; "99" 9% ; | 
: k F. Lat. ; Ie 5 
8 a 8 PM 2 Baff, Lat. 162 3 - 7 
> 4 A 8 
Nn 
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Firſt, draw the Meridian Line SN, then take 
32.34 from a Diagonal Scale, and lay it from S to 
(a), and take the Departure 13.39 from the ſame 
Scale, and ſet one foot of the Compaſſes in (a), and 
with the other ſtrike a little ſtroke at ö; then take 
the Diſtance 35 from the Scale, and ſer one foot in 8, 
and with the other croſs the former ſtroke at b, 
and draw Sb; then draw bc parallel to SN, and 
take 23.34 the Differeace of Latitude, and lay from 
htoc, and take the Departure 34.92; and with one 
foot of the Compaſſes in c, with the other ſtrike a 
ſtroke at d; and with 42 the Diſtance, with one foot 
in b, croſs that ſtroke in d, and draw bd which will 
be NE b E, and ſo proceed with all the reſt. But . 
obſerve, that if the Difference of Latitude be in the 
N. Column you muſt ſet it upwards, and if in the 
S. Column it muſt be laid downwards; and if the 
Departure be in the E. Column, it muſt be laid to the 
Right-hand, but if it be in the W. Column it muſt be 
laid to the Left-hand : alſo obſerve, that the Dif- 
ference of Latitude, the Departure, and the Diſtance, 
always make a right-angled Triangle, as you may ſee 

by the little prick d Lines; upon thoſe which repreſent 
the Meridians I have figured the Difference of Lati- 
tude, and upon thoſe repreſenting the Parallels, or 
Eaſt and Weſt Lines, I have figured the Depar- 
ture. RES 

Then, by the Difference of Latitude and Depar- 
ture upon a direct Courſe, fay,, - 
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As the Diff. of Lat. 162.29 5 2.21029 
7 + + > 10. 

So is the Departure 106.2 2.02612 
To the t. of the Courſe 330 LY | 9.81 583 


Th . 


1 
& © of 
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As the s. of the Courſe 33" 12' 9.73843 
Is to the Departure 106.2 | 2.02612 
So is Radius 1 89555 „ - 


To the Diſtance run! 93.9 5, 2.28769 


As cs. of the Courſe to the Port 33* 45/ 0.25526 
To the Diff. of Lat. 119 2.07555 
So s. Courſe to the Port 56* 17 9.91985 


To the Depart. at the port 178.1 2.25066 


Next, to find the Courſe and Diſtance from the 
Ship where ſhe is, to the Port. | 


n 50 =: 
45 oO 


5 57=119 Le. 


162.3 Diff. of Lat, at the Ship 198.1 Dep. at the pott. 
119 Diff. of Lat. at the Port 106,2 Dep, at the Ship, 


— — —— —— 


43. 3 Diff. of Lat. to the Port 71.9 Dep. to the Port. 
Then, As the Diff. of Lat. 43. 3 1.63649 
To Radius n 
So is the Departure 71.9 | 1.85673 
To the t. of the Courſe 5857 10.220324 
As the s. of the Courſe 58˙ 57 9.93284 
To the Depart. 71.9 1.85673 
So is Radius a | 
| | ND 
To the Diſtance run 83.9 £92389 


3 8 So 
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So the Courſe 1 have made my way good is 
NW bN nearly. | 


The Diſtance run upon the ſame Courſe is 193.9 
Leagues. 


The direct Courſe to the Port is merely SW 4. 
The Diſtance to the Port I am bound for is 83.9 
Leagues. | = ok 


PIES IR 


SECT. Il. 
Oblique Sailing; or the Doctrine of Oblique= 


angled Triangles applied in Problems of Plain 
Sailing. 2 | . 


Problem 1. Two Ships ſail from the ſame Port, 
the one ſails ENE 85 Miles, the other E S fo far 
until ſhe find the firſt Ship. bears NW b W; I de- 
mand the ſecond Ship's diſtance from the Port, and 
the diſtance between the two Ships. 

The Geometrical Protraction of the Triangle is 
thus; Conſider firſt that the Angle A is 3 Points, 
AD being ENE is 2 Points from the Eaſt, and AE 
being E b S is one | 
Point from the Eaſt 3 
therefore the whole 
Angle DAE is 3'Points: 
wherefore upon A with _ 
60deg.of Chords ſtrike * 
an Arch of a Circle, 8 
and lay upon it 3 Points | 
or 33" 45, and draw the Lines AD and AE, and 
from A to D lay 85; then the Angle E being 2 
Points, the Angle D muſt be 11 Points; therefore draw 
DE fo as to make an Angle at D of 11 Points, or 
123" 45', ſo is the Triangle finiſhed : then if you 


© meaſure 
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meaſure DE upon the Scale of equal Parts, you will 


find it to contain 123.4, and AE will be 184.7. 
The Trigonometrical Calculation is thus. 


Ass. of the Angle E 225 300 0.41716 

Is to the Side AD 85 1.92942 

So is s. of the Ang. at the port 4 33 45 9.74474 

To the Side DE 124.4 © 2.09132 

As s. of the Angle E. 22 300 0.41716 

ls to the Side AD 85 | I.92942 
So s. of the A" 123* 45 (or $62 100 

150 9.91985 

To the Side AE 184. EF 16643 


So the ſecond Ship's Diſtance from the Port is 
184.7 Miles, and the Diſtance between the two Ships 
is 123.4 Miles. | 


. There are two Ports that lie Eaſt and Weſt 


one of another; one Ship ſails from the Weſtermoſt | 


Port NE 89 Leagues; the other ſails from the 
Eaſtermoſt Port 80 Leagues, and there meets the 
firſt: 1 demand the Courlſe ſteered, and the Diſtance 
between the Ports. 

Draw DE of any 


: Y one foot in D with the 
is other ſtrike an Arch, 
and lay G to F the 


Chord of 45, and 
draw the Line DF; 
and from a Scale of equal parts take 89, and lay from 
D to F; then from the ſame Scale take 80, and with 
one foot of the Compaſſes i in E, with the other oo 
2 2 


4 convenient length, and 
. with so deg. of Chords 


A 
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the Line DE in E, and draw the Line FE; meaſure 


the Angle E by a Line of Chords, and the Line DE 
by equal parts. | 


D repreſents the Port, and Angle of the firſt Ship's 


Courſe. 


E the ſecond Ship's Port, and Angle of her Courſe. 
F the Place where they met. | 


The Trigonometrical Calculation is thus, 


As the 2d Ship's Diſtance run Go 2.09690 
Is tos. of the 1ſt Ship's Courſe 455 9.84948 
So is the 1ſt Ship's Diſtance run 89 1.94939 
Toth e 2d Ship's Courſe 51 52/ 9.89577 
| /-: 44 00 > 


Sum 96 52 


——— ——_— 


Com. 83 of <P 


As s. of the 1ſt Ship's Courſe 45? — 5052 
Is to the 2d Ship's Diſtance 80 : 1.90309 
So is the Angle F 837 08” 9.99687 


To the Diſtance of the Ports 112.3 2.05048 


2 


— 


3. Two Ships ſet fail from a certain Port, the 
one ſails 8 h E 45 Leagues, the other SSW 64 Leagues. 
Idemand their Bearing, and Diſtance from each other. 


645 180 o 0 
458 2d = BN 66 


— ——— 


10g Sum of the Sides 146 15 Sum of the unknown s 


— 


19 Difference | 73 07 Thalf Sum. 
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As the Sum of the Sides 109 7.962574 
Is to their Difference 19 „„ 17 
So t. of 2 the unknown Es 73% 10.51 8060 


Jo t. of half their Differ. 29 33 9.759387 


— ſhð — — 


Sum 103 oOo the Ang. T. 
Diff. 43 14=the Ang. S. 


See caſe 3. Chap. 4. Part 1. 


Hence the Courſe or Bearing from $ to I is 
SEE T E nearly; then for the Diſtance of the 
Ships from each other, 


As s. of the Angle $43* 1444 0.164328 
Is to the Side RE 45 1.653212 
So is s. of the Angle R 33? 45 9.744739 


To the Side ST, the Diſtance 36-5 1. 562278 


— 1 


— —— 


4. If two Ports lie SW öS, and NE & N, being 
diſtant one from the other 456 Miles, the — 70 
N ; 
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8E, and a Ship fails from the Northermoſt cloſe 
upon a Wind 674 Miles with her Larboard- Tack 
aboard, 326 Miles with her Starboard- Tack aboard, 
and then arrives at the Southermoſt : I demand how 
near the Wind ſhe makes her way good upon each 
1 | | 

Note, That F repreſents the Northermoſt Port, 
and E the Southermoſt. . 
By Caſe 5. Chap. 4. Part 1. find the Angles. 


= F 
6741 54 : 
456 | 272 i 
3 26 402 — 
1456 F 
728 : 
tN 


The half Sum 728 Log. Ar. Com: 3.137869 
Diff. of the half Sum and DF 54 Ar. C. 8.267606 


; EF 272 2.434569 
Diff. of the balf Sum and 3 DE 422 2.604226 
The Tangent of 59* 03/ 10” is 20.444270 


The double 118 06 20 S the Angle DEF. 


The half Sum 728 Log. Alr. C. 7.137869 
Diff. of the half Sum and EF 272 Ar. C. 7.565431 


Diff of the half Sum and FB. = 8 3 


The Tangent of 18˙ 15/11“ is I 9.039920 


The double 36 38 22 = the Angle EDF. 
Y- From 
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From 1 185 o6' =the Angle DEE | 
Subt. 45 oO the Angle GEF, being 4 Points. 


| =the < between the Ship's Courſe 
Rem. 73 06 ; Jo the Sb E Point, the * Tack. 
Add 36 38 = the A EDF. 


—— — ny 


Sum 109 44 


= the E between the Ship? s Courſe 
Com. 70 4 Ip and the S b E Point, the iſt Tack, 


So the firſt Tack was SW bW +4 W. and the ſecond 
Tack is EHS E. 


66 


5. A Ship failing NW. two Iſlands appear in ſight, 
one bears WNW, the other N. from the Ship; aud 
when the Skip had ſailed 60 Miles further, the firſt 
bears Wö 8, and the other NE: their Bearing and 
Diſtance is required. 


V repreſents one Iſland, and N the other. | 
S the Ship at the firſt Obſervation, and O the ** 
at the ſecond; then, 


As 
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As s. of OVS 33? 45 SE 0.255261 

Is to OS 60 het | 1.778151 

80 is s. OSV 22" 30 E 582840 

To the Side OV 41.33. 1.616252 
| 50 Ti. | 


jo The Sum 101.33 


The Diff. 18.67 
e | 
146 15= the Angle NOV 


33 45 the Sum of the opp. 4 


— 


16 52 2, half Sum. 


As the Sum of the Sides 101.33 7. 994263 
Is to the 1 the * 8.67 3 1.271144 
So t. o the Sum 0 the oppolite An- 

gles, 165 2 2 $ 9.481939 


— — —äũ—ñöñẽ—ꝓ —— — 


To t. of + their Dr 3 12 8.747346 


——— 


4 gam 20 04:=the<OVN 


biff. 13 40 the £ ONV 


Ass. of OVN 20? 04/ 0.464533 
Is to the Side ON 60 - 778151 


So is s. of the Angle NOV 14615 (33 
5 85 9.74479 


1 the Diſtance of the Illands 97-15 5 1587423 


The Courſe, or Bearing of ons lang to the other, 
js NEUE 5 1E very near, 


6. Two 
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6. Two Ships ſail from one Port, the one ſails 


S by W, the other WSW, and arrives at two ſeveral 
Ports ; the Weſtermoſt Port bears from the Eaſter. 
moſt NW b N: then if the Diſtance ran of both 
Ships, and Diſtance between the Ports, be together 
130 Leagues, I demand them ſeyerally. | 

Aſſume AB 100; then, 


As s. C 78 457 | 9.991574 


Is to AB 100 - 2.000000 

So 8. A 5615 9.919846 

To CB aſſumed 84.776 5 1.928272 
= 


ea eee 42405 2 2 646420 TT 


. : B I 
X 0 
Cl 
12 a 
Again, 6 
As s. C8 45 9.991 
Is to AB 100 | e 
S0 s. B45 O | 9.849485 
To AC aſſumed 752.097 1.837911 
84.776 | „„ 


100 
— — | 


Sum 256.873 


As 


© BH fmk wo 


4 
0 
3 
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As 256.87; the Sum of the aſſumed Sides 2.409718 - 
Isto 130 the Sum of the true Sides 


2.113943 
So is 100 the aſſumed Side AB 2.000000 
To 0.609 the true Side AB 1.704225 
Again, © i 
As 256.873 Ar. C. 7.590283 
Is to 130 i | 2.113943 
So is 84.776 the aſſumed Side CB 1.928272 
To the true Side CB 42.904 1.6 32497 | 
Again, SR 
As 256,873 Ar. C. 7.590282 
Is to 130 6 3 2.113943 
So is 72.097 the aſſumed Side AC 1.857911 
To the true Side AC 36,487 . 1.562 136 


7. Coaſting along the Shore I ſaw two Capes of 
Land, the firſt by the Compaſs did bear North, the 
ſecond WNW]; then I ſtood away NW 5 N ge Miles, 
and then I find the firſt to bear from me EbS, and 


the ſecond Sb BE : the Bearing and Diſtance of both is 
required. 5 


In the Triangle ABC, 5 | 

Ass. of ACB 101” 15 (or 78˙ 45'). 0.00843 
Is to the Diſtance run 90 1.95424 
So s. of ABC 45* oO 9.84948 
To the Side Ac 64.9 1.81215 


N bf #5 


"CHIEF ES 4 


R | | 
* * f 0 i E 4 "a 
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— Fx ; l — 1 N 0 1 : ; p N 7 : . . — 


„ 


In the Triangle ABD, . 
Ass. ADB 1235 45 (or 56˙ 15 o. 80 154 
ls to the Diſtance run 0 1954242 

Sos. ABD 22? 300 10 


To the Side AD 41.42 0 e ent ni es 


64.9 
41.42 


— — 


4 | 1; 206.92 Sum of the Sides 
23.48 Diff. of the Sides. 25 


U 1 
67 30= the Z DAC. 


poſite Angles. - 


112 30 = Sumof the op 


— —— 


36 15 S half Sum; | 


—ͤ—ũPu — — F U— —u— —— — —— — — — — 


oY 2 * 3 mY 


Sal. 


A 


As 1 the Angle CDA Ty $2 


Is to the Side AC 64.9 1.812150 
Sos. of the Ange Bac 67 30% 9. 965615 
To the Diſtance of the r CD 62. 2 1.793784 
I the Triangle BCD, | | 

As s. of the Angle DBC 67* 30 — 0.034388 
Is to the Diſtance of the Capes 622 1.793784 
So s. of the Angle BDC 49˙ ry” 9. 879202 
To the Diſtance BC 5098 1.707 37t 
Again, 

As s. of the Angle DBC 67 30 0.034385 
Is to the Diſtance of the Capes 62,2 1.793784 
80 s. of the Angle BCD 63" nu 9.950968 
To the Diſtance BD 60.14. | 1.779137 


See Caſe 3. Chap. 4 kart: Eo 


Clap YH EF. 
As the Saut of the Sides 106.32 5.973380 

Is to the Diff. of the Sid. 13.48 9915; 1.86999 
Sot. of + the opp. Ang . 19 0 2 1 17518 
"TOS Diff. 18 17 9.519152 
e B 


Sem 74 1 ms - the greater Aug. 
din 37 g8 = = «the leſſer Ang. | 


6.016019 


So the Diſtance of the two Capes is 62.2 Miles; 
and the Bearing is SW bS W, and NEUN E. 
When J firſt made the Capes, the Northermoſt | was 
64.9 Miles diſtant, and the Diſtance of the Weſter- 
moſt was IS 41.4 Miles. 3 when Thad ſaild 90 Miles, 

my 


. 
1 


- 4 — * — — 
F Be i ge at en - > rar ocs > vey „ 


290 Of Navigation. 


— 2 WP tr: 


—_ 
* PPP 


4 


my Diſtance from the Northermoſt was 50.98 Miles, 
and my Diſtance from the other was 60.14 Miles. 


D — — — 
— EIT > a 


— 


g. There are three Ships of equal Diſtance from 


one Port, and bound for the ſame place: The Eaſter- 
moſt is diſtant from the middlemoſt 96 Leagues, and 


bears SE b E; the middlemoſt is diſtant from the 


Weſtermoſt 80 Leagues, and bears SW from her. 
1 demand each Ship's Courſe to the Port, and how 
far they are diſtant from it. 


Thro the three Points A, B, and C, ſtrike a Circle, 


whoſe Center D repreſents the Port; then draw the 

Semidiameters DA, DB, and DC, which ſhall be the 

Diſtance of each Ship from the Port. 
3 56" 15% 


Sum 176 101 15 Sum 


Part II. 


G A 


Gerd. gs - >. 


ks Su of the Shdes 176 111 017.75448 
ks to theit Diff. 16 ; 1.20412 
eee — 8 41443 

- —— 
To t. of; their Diff. e 


4A 


1 — 


— 43 28 BCN 


— 


4 35 06=BAC 
| Fa he con from ca B4 Ng? $3' 


— — : 


As 1 e Angle BCA ; 43? 38˙ „ Tr 
e e 1586932201 
So 5, of the Ang: ABC 101 "iS (or * 5 9-991 574 


To the Side CA. 1 36.43 = © 2.134970 
Which is the Diſtance of the two Ships A and C. 


The Arch AFC is 202? 300 (being double to the 
Angie-ABC- or by Excl. 3. Lib. 20. Pr.) there- 
fore 202 30 ' ſabtraQed from 360, the remainder is the 

Angle ADC 157” 30” 3 and becauſe the Sides AD and 

D are equal, therefore the Angles DAC, and DCA 
are equal ; 3 and ſo the Complement 157 300 to 
180 is 22 30% the half whereof LI" 15” is the _ 
DAC, 'or Ae. Then, | 


: As s. of the Angle ADC 159 300 or 22 
3000 8 0.417160 
Is to the Diſtance CA 136.45 2.134970 
So s. of the Angle 1115 9.290236 
To the Side c ( = AD) 69.36 1 | 1.842366 


Wen is the Diſtauce of 9 Ship from the Port, 
0 


To find the Courſe from C to D, the Angle BCE is 
43? 38/,to which add 11 15% the Sum is 5 55% the 


Angle BCD; therefore the Courſe from G to D is 
ES 1 220(E. and the Courſe from A to D is WS 


1217 Southerly, and the Courſe from B to D is 8 E 
121“ Southerly, . 
1 8 124, £13002 36.1: 


* N „ 
f Cunnents 
FEET 
Problem 1. Admit a Current runs Eaſt 6 Miles an 


hour, and a Ship ſails Weſt directly againſt it 6 


Miles an Hour; I demand her compound Motion. 
If the Current runs directly contrary to the Courſe 
of the Ship, and the Motion of the Current be equal 
to the Motion of the Ship, it is evident that the Ship 
makes no way, but ſtands ſtill; for ſo much as ſhe is 
forced forward by the Wind, ſhe is driven backward 
by the Current. | ʒů( 


* x 
Sh £4 * 
* * 7 


ts N 1 * L L 1 E 4 IE 4 


* ä C a F * T — 6 1 3 * 1 


n ; i ts 2 . ele 9 41 | 
2. Admit a Current runs Eaſt four Miles ag Hour, 


From the Ship's ſimple Motion 3 / of 


Subtra& the ſimple Motion of the Current 4 a4 
LE NK 


Remain the Ship's compound Motion 22 


E 4 : a | 8 
| Taos the Ship advances forward 2 Miles. every 
our, So ts. 7 | 5 ii 2313 x : 


* 
— 


* , : 4 £; 241 7 
5 = 3 S 4 — 12 Z% Maw 3% ® 


— 


* 


3. A Current ſets Welt 8 Miles an Hour, and 4 
Ship ſails Eaſt directly againſt it 3 Miles an Hour: | 
gem and her compound Motion. Here 


Ys Of. Navigation. 1 part a: 


rt 
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Here it is evident that becauſe the Current moves 

faſter than the _ the Current muſt force the Ship 
- ih 


backwards, tho by the Log. ſhe ine to gain 
ground. Therefore, 2 N e 


„ 4 


From the Current's imple Motion 8 | 
SubtraQt the Ship 8 M= r Motion 5 Mil 0 


There remains the Ship? 8 comp. Motion 3 


— thus the Ship falls whom. 3 Miles exery 
r. 8 k 


1 2 * 1 


2 2 ä — —_— — _—_ "ye 


he ie AE Regt 


4. 4 Ship all Raſt 4 4 | Miles an 8 hong: upon a c. 
rent which ſets Eaſt 5 Miles an hour: : I demand her 
compound Motion. 


Add the Current's Motion e — 2 2 
To the Ship's {imple Motion 4QMi les; 


That Sam is the Ship? $ oy. Motion 9 


— > — 
— _ 


* 


5. A Ship fails South 3 Miles an woke: whey thay 
is a Current running Eaſt 5 Miles an hour: I demand 
the Ship's compound Motion, and NIN way: 8 


W . 


+ 


o —_ 
— * hand _— 
_ 
n ] * 
* n - 
” 


— 


294 ML of Nogaion Parcel, 
_ £194 2100 4958 
0 As the Side AB 35 the Ship's motion 5-4-5420 
| D ene 
So is Radius 10. 


hk 


Tot. of the Angle BAD ve. I 20 analy 


| 7 As s. of the Angle BAD 595 02 9. 9332 17 
To BD the Current's motion 53 2 ©:698970 


So is Radius | =O 
—— 


To AD the Ship? < ny Motion 3 83 0.765753 


Hence it appears that the Ship's Courfe is SE b E4 n 
* ede e Motion ĩs 4 Miles. 5 


63 FE &. a 4 


Ac 


— * — 9 —_— _ a. — 
n 


_— 


—y— — 


6. A Ship £ ſails Eaſt 4 PO a by Log. 480 
Miles, where there is a Current ſetting all this while 
to the South 2 7 Miles each hour: I demand her An- 

gle of DefieQtion, and compound Motion. | 


2.5 As BD 480 (in the former Figure) 268124 
24 Is to BA 240 2.380211 


100 
o To the Ta md ihe BDA 
: oy 2 35 * 4 deu 
_ 


Ag ain, 
As s. 15 the 8 BDA 26* 33' 9.65028) 
lis is to BA 240, the Current's Motion 2.380211 
So is Radius | 10. 


To the Ship's comp. Motion % 2.729924 


A Menee the Ship's Courſe | is BSE 4'3 'Seuthmard. 
9. A 
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7. A Ship fails in 8 hours from a certain Cape to- 
wards B, bearing South, 18 Miles by Log. in a Current 
ſetting to the Eaſtward; and then obſerving the ſaid 
Cape, ſhe finds it to bear WNW. I demand bow 
fiſt the Current ſets, and the Ship's true Diſtance 
run. 
| Ia the former Figure, | 
As s. of the Angle ADB 22 300 o. 47160 
Is to AB 18 Miles 1.441293 
So is s. of the Angle BAD 67 30 9.965615 


To BD 43.46, the Current's motion 1.6 38047 


Which divide by 8, the Quotient is 5-43 Miles, the 
hourly Rate. Again, 58 3 


As s. of ADB 22? 300 ü | 0.417160 
ls to AB 18 Miles, the Ship's Motion 1.255272 
So is Radius ON 


To the Ship's comp. Motion AD 47.4 1.672432 


„ W 


SECT. v. 
f Mzrcaror's Sailing. 


To find the meridional Difference of Latitude, 
or the Difference of Latitude in meridional Parts. | 
1. If one Place be under the Equinoctial, and the 
other in North or South Latitude; the meridional 
Parts in the Table anſwering to the Degrees and 
Miautes of the Place with Latitude, is the meridional 

Difference of Latitude. | 


Or by the Meridian Line upon Gunter's Scale, look 

far the Latitude of the Place in the Meridian Line, 
and right againſt it in the Line of equal Parts you 
| have the meridional Difference of Latitude. 

Example, If one Place be under the Equinoctial, 
and the other in 35*30' North Lat. I demand the 
meridiopal Parts fie Difference of Latitude. 
Anſo. The meridional Diff. of Lat. is 2281. 


| Hy Gunmter's Scale. | 
Extend the Compaſſes from the beginning of the 
Meridian Line to 35 30'z then meaſure that extent 
upon the Line of equal Parts, and you will find ir 
38", which brought to Minutes by multiplying by 60, 
it will make 2280, which is 1 leſs than by the Table. 


2. If the two Places be both in North, or both in 
South Latitude; ſubtraf the meridional Parts of the 
leſſer Latitude from thoſe of the greater, and the 
Remainder is the meridional Difference of Latitude. 


he Example. 12 5 | 
Sup $ Lizard 5 Lat. 350.002 Mer. Pts. $3475 


1 Barbadoes 1300 787 
Mer. Diff. Lat. © 2688 


FE: By Gunter's Scale. 8 
Extend your Compaſſes from 137 to 30 upon the 
Meridian Line, and meaſure that upon the Line of 
equal Parts, you will find it 44-8, which multiplied b) 


60 makes 2688. 


3. If the two Places have one North Latitude, and 
the other South; add the meridional Parts of both 
Latitudes together, the Sum is the Differexce of La 
titode in meridional Parts. e ee 


* 


Exampli. 


29 222 oy" 
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Bar * 4213 ˙ 00 787 
dt. Helena $ Lat. 9 16 00 8 8 wy; be ; 973 
The Sum is the Merid. Diff. Lat. 1 760 


| By Gunter's Scale. 
Extend your Compaſſes from the beginning of the 
Line to 13?, and lay that extent upward from 16%; 


keep the uppermoſt Point where it falls, and extend 


the other to the beginning of the Line ; that extent 
meaſured upon the Line of equal Parts,it will be 29,3, 
which multiplied by 69 makes 1758. 3 


—— ct 


e 2 ASE 
Both Latitades, and the Difference of Longitade 
between any two Places given ; to find the Courſe 


and Diſtance. | 
| What is the Courſe, Diſtance and Departure be- 
tween the Lizard and Barbadoes? _ 
Lixard 7 ag Fo 1&/d,. C3490 
Aarhad.$ Lon. 257 as * 13 10 . p. 2 797 
Diff. Long. 52 30 Diff. La. 37 oo, M. D. L. 2693 
31 50 2220 
5 As the Mer. Diff. Lat. 269 | 302, 
ls to Radius | 1 | 15 ba 
So is the Diff. Long. 31 50 3.49831 
To t. of the Courſe 4928 71886807 


So the Courſe is SW + W nearly. 


3 


Dip np 3750 5 


In the Triangle CDE is Gal ven the proper Diffe- 
rſe 


rence of Lat. 2220, and the 
find EC the Diſtance. 


As the cs. of the G 49 ww 


To the proper Diff. of Lat. 2220 
So i is Radius 


To the Diſtance run EC 1416 


As Rad. to the Diſtance EC 3416 
So s. of the Courſe 45 FC... 


To the Departare ED 2596. 


ECD 49 *28, to 


6 8128 


3.53331 


333351 
9.88083 


— — 


3.41434 
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Ss tbo) 2: is 2 67 
Both Latitudes, 24 Courſe given; the Diſtance, 
3 of Longitaae, and Departure re- 

quired w ox ns gi | 


A Ship in the Latitade 62® * North Gals 8 Eb 8 
till ſhe comes into the Latitude 35˙ 30 North; I de- 
mand the Diſtance run, Diff. of Longitude, and Dee 
parture. 


Lat. 68 7! Merid. parts 4872 


255 30 20 
7 15 Mer. Diff. Lat. 852 | 
Diff. La. 435 


As cs. ofthe Courſe 219 nb erat 
Is to the proper Diff. of Lat-435 2 2.63849 
So i is Radius 10. 


To the Diſtance run 523.2 xc 


8 — Pert ll. 


As Rad, to Mer. Diff. Lat. 852 BC 2.93044 
So t. of the Courſe 33” 45 BCA 9.82489 


— —— 


a To the Diff. of Longitade 569-3 BA 2.75533 


As Radius to the prop. Dif Lat. 435 2.63849 
So is t. of the Courſe 3345 DCE 9.82489 


—————— —ů —ñꝓwiUU— 


© To the Departure 290.7 _ 2.46338 


* 


Departure, and Difirecc of 


| 15 : | F. Royal 


CASE 8 


Both Latitudes and Diſtance ft iven ; the Coarſ, 
ngituae required. 


Admit a Ship ſails from the Lizard in the Latitude 
505 North, to Port Royal in Famaica in the Latitude 
17 400 North, the Diſtance ſuppoſed to be 4000 
Miles; 1 demand the Cys Difference of * 


and Departure. 88593 


Lizard Flat, 2 7 09% Mer. parts $3474 


17 17:40 $; 1077 - 
1 20 Mer, . 2397 
prop. dil. Lat. 1940 
As the Diſtance run aoho TY 3.60206 
Is to the proper Diff. of Lat. 1 940 DC 3.28780 
So is Radius WW. 


—— — 


To cs. of the Courſe 290 DEC | 9.68574 
5; So the Courſe is wSwW 4 very near. 


As | 


chap. 4. Mercator ? Sailing. 


wi 


2397 0 


1940 


8 
— 


Diff Lat 


Dig Lat 


3 
; 
| 
1 
hos 
t= Me 
% pm 


. 

FY 

4 

©: 
oy 

' 

1 

ö 

ö 

; 


—_— 


2 


Ef} 1 221 LS 


As Rad. to the Diſtance run 4000 EG. 3.60206 


— 


To the Departure 3498 ED . 3.5438 [ 


Is to the Merid. Diff. of Lat. 2397 BC 3.37967 


To the Diff. of Longitude 4322 AB | 3.63568 


CASE IV. 


Both Latitudes and Departure given; © the Courſe 
Daene and Difference of L. and 1 : 


A Shipin the Latitude go? 10 North, and Longi- 


parture be 789 Miles, and ſhe be in the Latitude 39? 


20' North; I demand the Courſe, Diſtance, and 
Longitude ſhe is in. 


5 _— 50? 


| Sos. of the Courſe 60® 59 ECD we 9.94175 | 


As the proper Diff. of Lat. 1940 DC. 6.71 220 
So is the Departure 3498 ED 3.54381 


tude 5 24 Weſt, ſails South Weſtward till her De- 


—_ a " 
— — U—œã . ————-—-— . ˙,— eos 

. „ Nn 4 ee 2 _ 

3 2 7 * 8 83 - 2 ; 

2 0 * x \ * N — _ 
. —— —— 4 . 3 2 . 2 > —__ 
a 2 — "I 2 2 
r 


199 
is: 
FT . Ag 
is 3 
-» 3; 
1 
1 
15 
1 
1a 
WW... 

- vas 
N 

*. 


5 N * $a 5 PR RY | : 
x N a 


ed 23 Latitude ate $269 8 Merid, parts 


—ů— —— 


10 30 8 1880 920 Mer, Dif Lat 
650 Diff. Lat, 
As the proper Diff. of Lat. 6 of 
Is to the Departure 789 
So is Radius 
To t. of the Courſe 50⁰ h % R 
So the Courſe is SW 4 W. 


5 TY 
I to the Departure 789 E ** 
So is Radius 


To the Diſtance run 1 KC: 14 


Chaps 4. Meno a Sail. 1 
As the proper Diff. Lat. CD 650 J. 189709 | 1 
Is to the Departure ED 789 | 2.89708 14 
Ssocs is the Merid. Diff. Lat. BC 920 2.96378 —_— 


To the Diff. of Longitude AB 111.7 3-04795 


XS 3 
——————j—5—m? {28 
44%. 


1 5 37 
The Longitude come from, add 5 24 


The Longitude the Ship is in 24 or Weſt. 


a ” 4 * 


— * * 7 CE 
— 8 


CASE v. 


One Latitade,. Cane and Diſtance given; to 
| find the Difference of Latitude, Difference of 
Longitude, and has Ione Ooty 1 90 5 
A Sdüp in the Latitude of 42? 30 North, od Lon- 
eitode 18˙ 31“, ſails SEUS 397 Miles; 1 demand the 
Latitude, and Longitude of the Ship, and how much 
ſhe is departed from the Meridian. 


As Rad. to the Diſtance CE, 35 218.770 587 
do is cs. of the Coarſe 56" _y 9.919846 
| Tothe Dis Lat. cha, 71892 2.691433 

"Tn 1 17 | 


Lak. de * 30 28322 
Diff. 22 ſubtract 8 11 di | 


Lat. the Ship is in 34 19 Mer. diff. '627 


* , ; : — 
) F £" % : 


, ** 

# # 

* 4 s FT 4 
r Ub 9 * * „ ory eee wad 


* £ 4 . 5 B. . Th IP ü | wa JET A N 5 © 
As Rad. to t. of the Courſe 33̃ 1 8.82489 

So is the Mer. diff. of Lat. 627 2.79727 

To the diff. Longitude 419 2.62216 


4 = 8 


As Rad. to the Diſtance run CE 31 297158 
So is 3. of the Courſe DCE 33 4 9,7474 


- To the Departure 328.3 BB 24435063 


The Longitude departed from 18* 31/ 
Difference of Longitude add 6 59 


The Longitude of the Ship 23 30 pf 


N e N e r. Rr ES 
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CASE VL 


One Latitude, Departure, and Courſe given; to 
find the Diſtance, Difference of Latitude, and 
Difference of Longitude. 


A Ship fails WSW from a certain Port in 50* 10 
North Latitude, and Weſt Longitude 5* 24 until 
her Departure from the Meridian be 957 Miles; I de- 
mand her Diſtance run, and the Latitude and Lon» 
gitude ſhe is in. | 2. 38 


Lat. departed from 50 207 


Lat. the Ship is in 43 34 
4157 
__. parts? 3490 
Mer. diff. Lat. 667 | 
2 


Re 


——— 


As s. of the Courſe ECD 67* 3 8096 5615 
Is to the Departure ED 9579 2.980912 
do is Radius ; vis Be ; 
To the Diſtance run 1033.55 EC 30075297 : 1 
3 As | LN 


Ps 
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As Rad. to the Diſtance EC 1035-85 2 5 3.015297 
So is the cs. of the Courſe CED 22 300 9.582840 


To the Difference of Latitude CD 3 96.4 | 2.598137 


6&36“ 


As the proper Diff. of Lat. CD 396.4 7.401863 
Is to the Departure ED 957 22.980912 
So is the Merid. Diff. of Lat. CB 667 2.824126 


To the Diff. of Longitude AB 1610 3.206901 


Longitude departed from 5 244 
Diff. of Longitude add 26 50 


Longitude the Ship is in 32 14 


CC AS E Vll. 


Ll 

8 

One Latitude, Diſtance, and Departure given; - 
the Courſe, Difference of Latitude, and Dise. 

rence of Longitude required. 21 / 

5 8 5 | | I 

A Ship in the Latitude 49 3o' North, and Weſt 8 
Longitude 14 300, ſails South Eaſtward 645 Miles, 

until her Departure be 500 Miles; 1 demand the T 


_ Courſe failed, and the Latitude, and Longitude thc 
Ship is in. | | 


As the Diſtance CE 645 
To the Radius , 
So is the Departure 500 


To s. of the Courſe 50 ̃50 
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Lat. departed from 49 30 


| _ Lat. the Ship is in 42 43 


* 
» 


* 


I 5 | : : | | 3428 .. 
As Rad. to the Diſt. run CE 645 2.80956 4 


So cs. of the Courſe 39? 100 d. 80043 3 
— 


fe To the Diff. of Lat. CD 407-3 2.60999 
= As the proper Diff. of Lat. CD 407.3 7.39111 
Is to the Departure DE 500 2.69897 
eſt So is the Merid. Diff. of Lat. BC 589 2.7701 1 
Iles, 0 5 
on To the Diff. of Longitude 724.7 AB 2.86019 
the | 


' Longitude departed from 14 40 
Diff. of Longitude ſubtr. 12 04 


Long. the Ship is in 2 36 . 


as CASE 


3 o8 Of | Navigation. | : Part Il. 
CASE M 

One Latitude, Courſe, and Difference of Longitude 
given; to find the Difference of Latitude, Di- 


tance, and Departure. 


M | A Ship fails from the Lizard in the Latitude 30“ 

| 10 North, and Weſt Longitude 5* 24/ SW b W, until 

1 her Longitude be 57 26 Weſt; I demand the Lati- 

WW tude the Ship is in, her Diſtance run, and Depar- 

„ ture. | 
Longitude the Ship is in 57 26/ 
Longitude departed from 5 24 

— | | f 52 02 


——— — 


Diff. of Longitude 3122 


Z | . £ 
14 
1 3 % 
= - 5 
n f 
. - N 
2+ , 8 ; : 
= -Y ö $ 
a . 2 
I 1 
N 1 # 
* . | 
'4*x 2 — . — 
3 £ * - 
. . % Þ 7 « - 
L 14 


1 As t. of the Courſe 55 14 ; 10.1750 

14 Is to Radius | Wien 0. 
So s the Diff. of Longitude 3122 3.494433 

To the Mer. Diff. Lat. 2086 3.3194], 


4 As 
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. of the Courſe 330 45” 9.74474 
Is to the Diff. Lat. * 3.21564 
So is Radius - . 
To the Diſtance 2958 : : 80 3.47090 
As Rad. to the Diſtance 295 2958 3.47090 
So is the s. of the Courſe 5815 9.91985 
To the Departure 2256 7 e 


Lat. Lix ard e 3490 Mer. parts. 
Mer. diff. Lat. ſubtr. 2086 


Remains | 1404 


Look 1404 in the Table of Meridional Parts, ard 
againſt it * will find 22* 47', the Latitude required. 


From go? 10' 

Subtr. 22 47 
27 23 
60 


Diff. Lat. 1643 


— 


— 


— —— — 
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$'E CT; NE 

Of Sailing upon a Parallel. 

e NSA 


The Difference of Longitude, and Diſtance of two 


Places in the ſame Latitude being given ; to find 
the Latitude. 


A Ship ſails. due Weſt 250 Miles, and then finds 


the Difference of Longitude 6* 10“; I demand the 
Parallel of Latitude. 60 
2 


To FE IONS chi by the Plain Scale. 
1. Draw the prick'd Arch BC with the Sine of 90", 


one foot being in the Point A, to cut the Line AB | 
in B. 


2. On Berect the prick'd Per- 
pendicular Bc, and thereon lay 
the Difference of Lopgitude 370 
from B toc. 

, 3. Draw the prick'd Line Ac. 

4. Then with the Diſtance in 

| the Parallel 250, with one foot 

in the prick'd Line Ac, moved 

=p upon that Line till the other foot 

turn'd about will but juſt touch 

the Line AB; and where the former foot xelteth, 
which | is at Gs there ſtay 1 be! 


J. Take 


nnn K * „ „ * 1 * . 
4 Aw r en * 1 
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5. Take the neareſt Diſtance from e to the prick'd 
Line Bc, and lay that Diſtance on the Line AB from 
B to D, and draw the prick'd Line De. | 
6. Lay the Difference of Longitude on the prick'd 
Arch made with the Sine of 90 from B to , and 
draw the Line AC; alſo with the Diſtance AD, and 
one foot in A, draw the prick'd Arch DE to cut AC 
in E; likewiſe draw Lines from B to C, and from 
D to E; meafure AD upon the Line of Sines,. and 
you will find it 42* 30“, which is the Complemeat of 
the Latitude; ſo the Latitude is 47? 300. 


Then, | 


As the Difference of Longitude BC 370 2.56820 
Is to Radius AB { Ive. 2 5 
So is the Diſtance ſailed DE 2 50 2.39794 


Io s. of 42* 30 AD, the Com, of the Lat. 9.82974 


We may demonſtrate this and the two following 
Caſes thus. | 
Let AB (in the following Figure) repreſent an 
Arch of the Equator, P the Pole of the World, and 
AP and BP are Meridians each go degrees, CD is an 
Arch of the Parallel of Latitude the Ship ſails in, 
CA being 47* 30': the Latitude, or Diſtance of the 
Parallel from the Equatorz and CP is the Com- 
plement z 30 , 33 29 T - - / \ | 
Then AF: is-thes +2 „f 
dine of the Aroh AP; 5+: 7,8 
and CE is the Sine of 
the Arch CP. Theres + 
fore, by Axiom 1. Ch. 7. 
of the firſt fart. 
As AF (the Sine 
of 90%) is to AB (the 
Difference of Longi- 
tude) fo is CE (the 


* 
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Sine Complement of the Latitude) to CD, (the Diſ. 
tance) and the contrary. 1 


CASE II. 
The Difference of Longitude between two Places in 
the ſame Latitude given ; to find their Diſtance. 


The Diſtance between AMartinice and Cape Verde is 
required, i | 
From 54 500 Martini? f ff oo 
Subtr, 11 30 5 Long. 2%. nde 8 Lat. 14 50. 


Diff. 43 20 = 2600 Miles. 
As Rad. to the Difference of Long. 2600 3.41497 
So is che cs, of the Latitude 75? 10 9.98528 
To the Diſtance required 2513.3 340025 
The Delineation of this 
is ſo eaſy, that any one that 
knows how to delineate 
the laſt, may delineate this. 
For it is but to take the 
Sine of 90, and upon A 
ſtrike the Arch BC, and 
upon that lay the Diffe- 
rence of Longitude 2600, 
and draw the Lines AC 


4 


Scale, and you will find it 2573. 
CASE 
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CASE I. 


The Diſtance between two Places in the ſame Pa. 
ralel given; to find the Difference of Longitude. 


The Diſtance between the Lizard and Pengwin- 
Hand being 1842 Miles, and being both in the Lati- 
tude of 50˙ what is the Difference of Longitude 
b: ea them? | | 


As cs. of the Latitude 40% 9.80807 


Is to the Diſtance 1842 326529 
> So is Radius | > $3 46 


ti, 


To the Difference of Long, 366 3.45722 


6,0)286,6 
47 46 ME . | A 
—— Anſmer. The Diff. of Long, 47* 40 


—— — 


j "We SECT. 


» 2 1 


— tis. 


8. nr. 
Of Sailing by Middle Latitude, 


Or 4 Proportion drawn from the Middle Latitude, 
nearly agreeing with MExCaTOR®s Sailing. 


To find the Middle Latitude. 
Always add the Latitude you are come from, to 


the Latitude you are come to; half the Sum is the 
middle Latitude. | 


CASE I. 


Both Latitudes, and Difference of Longitude, of 
two Places given; to find. the Courſe and Diſ- 
tance. 3 


A Ship fails from the Latitude 45* 30“ North, be- 
tween the North and Eaſt, till ſhe arrives in the Lati- 
tude 50? 1o/, and then finds her Difference of Longi- 
tude 8? 16“; I demand her Courſe and Diſtance. 

This way by middle Latitude depends upon this 
following Theorem. 


As the Co- ſine of middle Latitude 
Is to the Tangent of the Courſe 
So is the Diff. of Latitude in Miles, or Leagues, 
To the Diff. of Longitude in Miles, or Leagues. 


a * Sailing 2 Mi ddle Latitude. 31 5 ; 
$7.4 ++: J30o 10 5 
60 | . 


496 = 596 Diff Long Diff. of Lat. 4 40 20 


— 


The Sum 95 40 


The half 47 50 = Mid. Lat, 


To delineate this, | 
1. With the Chord of 60, and upon the Center C, 
ſtrike the Semicircle, and draw the Diameter AF; 
and draw OD at right Angles thereunto, 


G 


K 


2. Set the Difference of Latitude from « to B, 
and draw BI Perpendicular to AF. 
3. Set the middle Latitude from O to K and L.; 
and draw KL to cut DE in H; make CE equal to 
CH; and make EF equal to AB, and draw FG pa- 
rallel to BI, and ſet the Difference of Longitude given 
from F to G, and draw the Line EG to cut OD in 
the Point D. 

4. Lay a Ruler upon A and the Point D, and draw 
the Line Abl, to cut Bl in ah ſo ſhall Al (deing | wo 

ure 
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ſured upon the ſame Scale of equal Parts, that AB 
and FG were laid down by) ſhew the Diſtance re. 
quired; and the Angle BAl is the Courſe, and BI the 
Departure. * > N 


As the Diff. Lat. BF=AB 280 7.552842 
Is to the Diff, of Long. FG 496 2.695482 
So is cs. of the mid. Lat. EC C H 42* 10“ 9.826930 


| 


| To the t. of the Courſe CD 49* 565 10.075254 


As cs. Courſe 40˙ O4 AIB 9. 808669 
Io the Diff. of Lat. 280 2.447158 

So is Radius 3 — 10. 

To the Diſtance run 435 2.638489 

As Rad. to the Diff of Lat. 20 2.447158 

So is the Tangent of the Courſe 49* 56' 10.075254 

To the Departure 333 Bl 2.522412 


IF ITC 
— — — — 


CASE IL 


Both Latitudes, and Courſe given; the Diſtance, 
Difference of Longitude, and Departare required. 


A Ship being in the Latitude of 325 o North, 
ſails NNW W. until ſhe arrives in the Latitude of 
32 39“; I demand the Diſtance, Difference of Lon- | 
gitude, and Departure. 9985 8 


Lat. 


Mercator s Sailing. 
Lat Lat $32" 21 75 39 the Sum. 


30 00 
— 31 19 middle Lat: 


As cs. of middle Lat. 31 19 
Is to the Diff. of Lat. 159 
So t. of the Courſe 30 560 


To the Diff. of Longitude 111.5 
As cs} of the Courſe 59 04/ AIB 
Is to the Diff. of Lat. 159 AB 

So is Radius 


To the Diſtance 1 85.4 Al 


o. o6 8386 
2.201397 
9.777628 


2.04741 


9.933369 
2.201397 


| 10. 


2.268028 


As 


318 f Navigaionn Part Il. 
As Rad. to the Diff. of Lat. 159 2.201397 
So is the Tang, of the Courſe 30" 36 BAI 9.777628 


To the Departure 95.28BI' 1.979025 


CASE m. 
Both Latitudes and Diſtance given; the Courſe a 
Difference of Longitude, and Departure required, 


A Ship in the Latitude 43* 1o/ North, ſails between 
the North and Eaſt until ſhe atrives in the Latitude 
50 3o', and then finds her Diſtance run 195 Leagues: 
1 demand her Courſe, Difference of Longitude, and 
Departure, | | 
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435 10 & Sum 95 % 
Diff Lat. 5 20=3:0 #7 59> Mid. L. 
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Chap. 4. Mercator s Sailing. =: 
As the Diſtance Al 585 Miles | 2.76716 
ls to Radius VVV | 
So is the Diff. Lat. AB 3 10 2.49136 


To the cs. of the Courſe AIB 32? 0 9:72420 


So the Courſe is NE E 1 45 Eaſterly. | 


As cs. of the middle Latitude 47" 50 0.17307 
Is to the Difference of Latitude 310 2.49136 
So t. of the Courſe 58 0 10. 20421 


— 


To the Difference of Longitude 739 N 2.86864 : 


As Rad. to the Diff. of Latitude 310 2.49136 
So t. of the Courſe 58? o 10. 20421 


HY CTY 


* 


n 
Both Latitudes, and Departure given; the Courſe, 
| Diſtance, and Difference of Longitude required. 


— 
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A Ship in the Latitude 40 30“ North, fails be- 
tween the North and Weſt till her Departure is 
450 Miles, and then finds her Latitude 5 1 20“: I 
demand her Courſe, Diſtance, and Difference of 
Longitude. . 


= 67, — A. 3 F L n N 4 —— rigs EO. < — — 
* — — A ans. * e f „„ = l 
. IF — iontitos ener cornea 
3 K ard s r . 8 8 IO 
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— 
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es 51200 
40 30 


* 4 — —— 


10 50 85 45 55 Mid. Lat. 


2 Sum g1* go 


As 
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As the Diff. Lat. AB 650 
Is to the Departure BI aw I 
2.6 Si is Radius © f 


ee 535 


9 


As cs. of the middle Latitude 45 55" 0. 15758 
Is to the t. of the Courſe BAI 34 42“ 9.84030 
So is the Diff. of Lat. AB 636% 2.81291 


: To the Diff. of Long. FG 646.8 23109 


As the cs. of the Courſe n 
Is to the Diff. of Lat. _— $772 2.81291 
So is Radius 10. 


To the Diſtance run 790.6 4.89796 


— —Bl 


The Courſe is NW bN o "oF Weſterly. 


CASE | 
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CASE v. 


— 


One Lats tude, Courſe, and Diſt ance given; ; to find 
the Difference o Latitude, Differ erence E Lon- 
gitude, and Departure. 


A Ship being in the Latitude 39? 4o/ North, fails 
NW bW $540 Miles: I demand what Latitude ſhe is 
now in, and her Difference of Longitude and * 
ture. 


Note, von muſt fad the imme of Latitude 
before you can draw the Figure. 


5 


As Rad. to the Diſtance 30 | 2482.733239 
So cs. of the Courle 33 45 9.74474 
To the Diff. Lat. 300 . 


Lat. come from 39 40⁰ 
Diff. of Lat. add 5 oo (Sum of the L-84 & 
—— , 


lat. come into > 44 40 Hilf 42 10m. L 
Y As 
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1 As cs. of the middle Lat. 47 5o/ 
1 | Is to t. of the Courſe BAI 56* 157 10.1751 


| |; 0 | So is the Diff. of Lat. AB „ iz | G 
Io the Diff. of Long. 605.8 GF vant. 2.78231 


As Radius to the Diſtance Al 540 2.73239 
So s. of the Courſe 56"157 69.915985 


P T-- i EET: 1 4] is Qui 5 7 
One Latitude, Departure, and C ourſe given ; the 1 
Difference of Latitude, Difference of Longitude 
and Diſtance required,  _ | 
A Ship from Lisbon in the Latitude 33% 50! North, 
Fails SWW until her Departure be 560 Miles: | 
demand her Diſtance run, Difference of Longitude, 
and what Latitude ſhe is in. N 
As s. of the Courſe 5815 9.91985 
To the Departure 56 Z 19 
So is Radius te n ie e e 0, 
Io the Diſtance 673.5 . » 2.82834 
As Rad. to the Diſtance 653.5 +1 2.82834 
So cs. of the Courſe 33? 45» © 9.74474 as 
13 6999 3 A 3 8 T 
To the Diff. Lat 3144 1} © 212557308 | ta 


The 


The Lat. come from 38* 50/ Sum of the Lat. 71 260 
Diff. of Lat. ſubtr. 6 14 3 
Middle Lat. 35 43 


= Lat. come into 32 36 


As cs. of the middle Lat. 54 17 0,09049 | 


Is to t. of the Courſe 56" 15 e 
So is the Diff. of Lat. 374 2.57308 


| To the Diff. of Long. 689.7 © 2.83868 


> ESL 2 n Bere x 999 5 — 2 - "FP" 4 


CAS E VII. 


One Latitude, Diſtance, and Departure given; 
the Difference of Latitude, Difference of Lon- 
£ gitude, and Courſe required. N 


34 A Ship in the Latitude 38 40 North, fails be- 
74 tween the North and Weſt 650 Miles, and then finds 
„ her Departure 546 Miles: I demand her Courſe, 
8 reno of Latitude, and Difference of Longi- 

ude. + 


o As 
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As the Diſtance 650 To 2.81291 

Is to the Departure 546 19 

So is Radius 10. 

Tos. of the Courſe 57 08 ey 9.92428 
ls „ e | 

| —— 8 

= EI _ 
RW 
KL 
2 

As t. of the Courſe 57 o8 10.1 89697 

ls to the Departure 546 9 2.737193 

So is Radius 8 

To the Diff. of Lat. 352.8 2.547496 
Lat. come from 38 40 Sum of the Lat. 83 13/ 
Diff. Lat. add 5F 53 — 

— Middle Lat. 41 36 

Lat. come into 44 3 Sp: — 

* cs. of the middle Lat. 48 24/ „726216 

Is to the t. of the Courſe 57 08 10.139697 

So is the Diff. of Lat. 352.8 | 2-547496 

To the Diff. of Long. 730.2 2.863409 


The Courſe is N Wo 53 
| | Thus 
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| Thus have I finiſhed the Application of Plain or 
Right- lind Triangles ſo far as I deſign'd, tho there 
are many more excellent Uſes which they may be, 


and often are applied to, which the Reader will find 
in his way of Practice: I ſhall therefore in the fol- 
lowing Pages apply the Doctrine of Spherical Tri- 
angles to Practice. But it will be proper, before I be- 
gin to ſhew their Application, to ſhew how to pro- 
ject the Sphere in Plano. | 


n —_ 
By * * 


CHAP. v. 


The Projection of the Sphere in Plano, 
* K 


How to praject the Sphere in Plano upon the Plain 
of the General Meridian, by Circular Lines. 


IRST, with 60* of Chgrds draw the Circle 

BCDE upon the Center 
two Diameters at right Angles; divide each of the 
four Quadrants into 90 degrees, as you ſee in the 
Figure] This Circle chus drawn and divided repre- 
ſents the general Meridian, C the North Pole, and 
E the South Pole, BAD the Equinoctial, CAE the 
Equinoctial Colure, and prime Vertical Circle, or 
Hour of ſix. 8 


The Meridians or Hour Circles are drawn by Prob. 5. 


Chap. 10. of the firſt Part. Thus the balf Tangeut 
of 15, of 30, of 45, Cc. ſet both ways from the 
Center, gives their Interſections with the Equinoc- 
tial; the Centers of thoſe Circles are found bs 
Secant Complement, ſet from the Interſe&ion u 
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326 Projection of the Sphere. Part II, 
the Equinoctial (extended if occaſion be ;) then if 
your Center be found right, the Meridian which you 
draw will cut thro the Interſe&ion before found, and 
thro the two Poles C and E. | 

The Interſections of the Parallels with the prime 
Vertical, are found alſo by half Tangeats, that is, 
the half Tangents of 10, 20, 30, &c, ſet both ways 
from A; the. Centers of thoſe Parallels are found by 
ſetting the Tangents Complement of the Parallels 
Diſtance from the EquinoQtial, along the prime 
Vertical (extended if need require.) See Prob. g. of 
Spherical Geometry. | BOY 

The Tropicks are the prick'd Parallels, and the 
right Line SAV is the Ecliptick, and is divided 
by half Tangents; thus the half Tangent of 30? 
(that is one Sign) ſet both ways from A, ſhews the 
beginning of Þ, and “; and 60? ſet hoth ways 
from A, ſhews the beginning of L, and : after 
the ſame manner may the intermediate Degrees by 


put on, 
; TW 
. . 
. 
a —— — 
12 


SECT. I. 


How 0 project the Sphere in Plano, ſutable to 


any aſſigned Horizon, ſuppoſe London, whoſe 
Latitude is 5 1. 30, | 


as in the laſt, extend the Meridian-line NS on both 
fides to B and O; then take the half Tangent of 
382 æ30 (the Complement of the Latitude) and fer from 
Z the Zenith to P, ſo ſhall P be the North Pole, ele- 
vated above the North part of the Horizon NP 51? 
zo equal to the Latitude: Then take the Secant of 
zie 3o', and ſet it upon the Meridian-line from P to 
B, ſo is B the Center of WPE, the Hour Circle of 
fix, whith is alſo the EquiaoQial Colure. 


the Eaſt and Weſt Points thereof... 


* k 


Then, becauſe the Ecliptick cuts the Eqauin octial 


you ſubtract 237 30“ from 385 30“, the remainder will 


_ 


F 


Chap. 5. Projection of the Sphere. 3 27 
Having divided the outward, or primitive Circle 


Then ſer the half Tangent of 51 300 from Z to E, 
ſo ſhall E be the Point in the Meridian thro which 
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318 Project iyn n of the 8 Sphere. Part II. 
be 155, the Sun's Me idian Altitude when he enters : 
Wherefore take 62 out of the Scale of Secants, and 
ſet from S to O; ſo ſhall O be the Center of the 
Northern Semicircle of the Ecli — Ln the Se. 
cant of 18 ſet from vw to D, D to be the 
Center of the Southern Semicircle bf: the Ecliptick : 
both which Semicircles being drawn, will cut the 
Horizon in the Points of Eaſt and Weſt, and the 
Meridian in the Points S and V. 

For dividing of the two Semicircles of the Eclip- 
tick, ſet the half Tangent of 62 from Z to F; fo 
ſhall F be the Pole of the Northern Semicircle of the 
Ecliptick T, S, =; and the half Tangent of 15* 
ſet from 2 to G, ſo ſhall G be the Pole of the Southern 
half RES the Ecliptick * 
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Chap. 35. Projection of the Sphere. 
From which two Poles F and G the Ecliptick is to 
be divided, thus: lay a Ruler to F, and to every 30 of 
the Primitive Circle, and it will cut the Northern 
Semicircle of the Ecliptick in the Points &, I, S, & 
and M; and being laid to G, and to every 30 of the 
Primitive Circle, it will cut the Southern Semicircle in 


the Points m, 2, V, z, and &, for the Points of the 


Sun's entrance into any of the Signs; and ſo may 
every fifth, tenth, or every ſingle Degree be divided. 


The laterſe&ion of the wo Tropicks, and the 
other intermediate Parallels of Declination, are ſuch 


as are in the following Table. 
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| of the Parallels of Decli- | Tropicks and Paral. of De- 


Decli-|lnterſec-{{ Decli-{Interſec | |Decli- | Centers Decli- Centers 
nation tions. I nation] tions. dae Z. jnation from Z. 
South. North! South. North.] 
Y 75 00' 12 63* 300 N | 58*20' 'D (27* 47 
23 74 30 [| 11 462 30 2357 49] 23 27 57 
22 |73 30 [10 61 30 22 [56 451] 22 28 16 
- 44 173: 30 9 160 30 21 | 55 441] 21. 28 36 
120 [71 30 8 159 30 20 | 54 42 20 28 50 
| 19 [70 3o |} 7 |58 30 19 [53 43 JJ 19 29 15 
11869 30 6 57 30 18 52 41 18 29 42 
| 17 68 30 5 [56 30 17 i 46 17 130 of 
j 16 [67 30 4 15% $© 16 50 50 16 30 28] 
15 66 30 3 54 30 15 49 55 15 30 61 
14 | 65 30 2 53 30 14 41 Ol 14 3117 
1364 30 | 1 52 30 13 48 0913 31 42 
| HEqui. [51 30 1 [47 170] 12 {32 08 
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„ 


4 Table of the Inter ſections IA 7. able of the Centers of the 


nation with the Meridian. | clination from the Zenith. 


| For North Declination. 


\ SS 0 12539530 9 44 50 9 133 32 
23128 3o|] 11 40 30 8 144 3 8 34 02 
22 [29 30 || 10 [41 30 7 43 18 7 3433 
21 | 30 30 9. 142 30 6 42 34 6 135 03 
20 [31 30]} 8 [43 30 5 141 50 5 [35 36 
19 32 3o0|] 7 [44 30 4 [41 08 4 36 08 
18 [33 30 || 6 [45 30 3 40 27]] 3 [36 43 
17134 39 ||. 5 [46 30 2 139 47 2 37 17 

| 16 [35 39 |] 4 [47 30 £ 139 831-43 183 53 

| 15 | 36 30 3 48 30 JEquin38 30 
14 [27 30] 2 149 39 | 
i {8 30:11 1 {50 30 | ; | 
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The Tropicks and Parallels of Declination are ea- 
ſily drawn by the help of the preceding Tables: For 


if you take the half Tangent of the Number in the 


Table of InterſeQions, and ſet from Z towards S; 
and take the Tangent of the Number in the Table 


of Centers, and ſet from Z towards N in the Meri- 


dian, there will be the Center. 
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Example. Let it be required to draw the Parallel 
of 15 deg. of South Declination; look in the Table of 
later ſections, and you will find 66“ 30“: take the half 
Tangent thereof, and ſet from Z to d, ſo is d the 
Point of laterſection: then look in the Table f 
Centers, and you will find 49” 55“; ſet the Tangent of 
49 55 from Z upon the North part of the Meridian, 
and it will fall at b, a little beyond N, which is the 
Center; let one Foot reſt in b, extend the other to 
d, and draw the Parallel, and ſo of the reſt. 
Upon P (as a Center) at the diſtance PB, deſcribe 
the Semicircle ABD, which divide into 12 equal 
parts in the Points ** *, &c. then lay a Ruler to P, 
and to every one of the Points K* &c. Lines 
drawn from thoſe Points will cut the Tangent Line 
in the Points x, 2, 3, &c. which are the Centers of 
the firſt, ſecond and third Hours from the Meridian: 
But thoſe Points are much better and ſooner found 
by the help of a Sector; for open the Sector to the 
Radius PB, and out of the Lines of Tangents you 
may prick down the Centers 1, 2, 3, &c. Thea 
with one Foot of the Compaſſes in the ſaid Center, 
open the other Foot to P, and ſtrike the Hour Circle; 
and with the ſame Extent ſtrike the Hour Circle, 
which is the ſame diſtance from the Meridian on the 


| To make the Table of Interſections. 

Becauſe the Primitive Circle of the Projection is 
the Horizon, and the Center the Zenith, and the 
Diameter the Meridian, and It is required to know 
_ how far the Parallels are to lie from the Center: It 
is meet therefore, firſt to enquire the ſame thing in 
the Sphere, viz. how many degrees each Parallel lies 
from the Zenith of the Place, both on the South and 
on the North part alſo of the Meridian. | | 
la this Scheme the Work will be plain, wherein 

the Circle repreſents the Meridian of any Place, as 


3 ſup- 
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ſuppoſe of London, and in it Z the Zenith, P the 
Pole, h H the Horizon, Ee the EquinoQial, AC 
the Tropick of S, and BD the Tropick of , de. 
clining each 23" 30' ; the queſtion is then, how far 
theſe two Parallels are from the Zenith Point Z, both 
towards AB the South, and towards CD the North. 
For anſwer, conſider that from Z to Southward is 
the Latitude of the Place 51* 3o', and from Z to « 


Northward is the Complement of that to 180?, viz, 
128* 3o' ; and theſe are the North and South diſtances . 


of the EquinoQial, or beginnings of Aries and Libra. 
Then EA, ZB, & C, and eD are each declining 
23* 30 from the Equinoctial; ſo if we take 23* 30 
our of EZ, the Latitude of the Place 51* 30“, there 


will remain AZ 28? oo', and ſo much is the Parallel 


of Cancer diſtant from the Zenith of London on the 
South part of the Meridian. Again, becauſe 2 & is 
128* 30/, ande C 23? 30O', taking æ C out of & Z, there 
will remain 1055 o; and ſo much is the ſame Paral- 
Jel of Cancer diſtant from the Zenith on the North 


Vos for the Tropick of Capricors; add ZE 51* 
300 to EB 23* 30, the Sum is 75* oof; and Z ( 128, 
. | 1 1 
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30' added to D 237% 30“, the Sum is 152% oo: ſo the 
Diſtance ZBis 75", and ZD is 1527. 

Again, let us find the Diſtances of the Parallel of 
20* of North Declination EF: from EZ 51300 
ſubtra&t EE 20” oo", and there remains EZ 31* 30'; 
and from 128? 30 ſubtract 20% Oo, and there remains 
108* 30' ZE, the other Interſe&ion. | 

Again, let us find the Diſtances of the Parallel of, 
20* OO of South Declination GR. To XZ 51* 30 
add XG 20?, and the Sum is 71307: and to Z 4 add 
R 220", and the Sum is 148? 3o/ ZR, the other Inter- 
ſection. Thus may you find all the InterſeQions 
to every ſingle Degree of Declination, both upon the 
North and South part of the Meridian. 
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To make the Table of Centers. 


Diameters 
and Semi- 
diameters. 
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la this Table, the Arches or Numbers in the firſt 
Columa are the Diſtances of the Parallel from the 
Zenith found by the former Directions; the next 


Column are the halves of the firſt, C being the half 
of A, and D the half of B. The third Columa con- 


tains the Tangents of thoſe in the ſecond, ſo the 
Tangent of C is E, and the Tangent of D is F; the 


Firſt Number in the fourth Column is the Sum of the 


Tangents in the third; ſo G is the Sum of E and F, 


and is the Diameter of the Parallel; the lower 
Number in that Column is the half of the upper, 


ſo H is the half of G; the Number in the fifth Co- 
lama is the ſame as the lower Number in the third; 
che Number in the ſixth. is the Difference between 
the lower Number in the third, and the lower Num- 
in the fourth, and is the natural Tangent of 
the Diſtance of rhe Center from the Zenith : and if 
you look the ſaid Tangent in the Table of natural 
Tangents, you will have the Degrees and Minutes, 
the ſame as in the Table of Centers; ſo if 52694 be 
found in the Table of natural Tangents, you will 


find 27* 47' to anſwer it. But I think it is a better 


way to find the Degrees and Minutes anſwering the 
Semidiameter in the fourth Column; thus, find H 
77627 in the Table of natural Tangents, and the 


Degrees and Minutes anſwering is 37* 493 ſo if you 
take this oat of your Scale of Tangents, and ſet it 


from the [nterſe&ion, that will give the Center of the 


Parallel, and you may draw it without altering your 


Compaſſes. But if you have a Diagonal Scale of the 
ſame Radius with your Primitive Circle, you need 
not find the Degrees and Minutes, but take the na- 


tural Tangent of the InterſeQ&ion (as it is) from 
your Diagonal Scale, and ſet it from Z upon the 


Meridian; and take the Semidiameter from the ſame 


Scale, and ſet it upon the Meridian the other way, 
and that will find the Center; then without altering 


the Compaſſes draw the Parallel. . 
| SECT. 
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8 E C T. Il. 


75 roject the Sphere upon one of the leſſer Cir- 
| . the , Viz. the Leni of Capricorn. 


1. With 60? of Chords upon the Center P, deſcribe 
the Circle = A Y for the Equinoctial; croſs it with 
two Diameters at right Angles in the Center P, 
with P Y the Equinoctial, and ZXP æ the Solſtitial 
Colure, which is alſo the Meridian of the Place. 

2. Out of your Scale of half Tangents, take 113? 
 3o', that is the diſtance of the Tropick of Capri- 
corn from the North Pole of the World, and ſet it 
from P Southward to F. 3. Take the half Ho- 
gent of 66" 3o', the Complement of the Sun's gfea- 
teſt Declination, (or the Diſtance of the Tropick of 
Cancer from the North Pole) and ſet it upon the 
Meridian Northward from Pto 5; and at that diſ- 
tance upon P deſcribe the Circle for the Tropick of 
Cancer. 4. Divide the Space between S and V into 
two equal parts in the Point E; ſo ſhall E be the 
Center whereon to deſcribe the Ecliptick Circle 
TS =z W. 5. Take the half Tangent 51 3o' the 
Latitude, out of the Scale of half Tangents, and 
ſet it from P to R in the Meridian; fo ſhall R be the 
Inter ſection of the Horizon with the North part of 
the Meridian. 6. Take the Tangent of 3830“ the 
Complement of the Latitude, and ſet it upon the 
Meridian Southward from P to H; ſo ſhall H be the 
Center of the Horizon, and HR the Semidiameter 
thereof, whereon the Horizon AR is to be deſcribed, 
cutting the Ecliptick in the Points Y and =, if there 
be no former Error. The next thing to be done is 
to divide the Ecliptick, which may be done from a 
Table of right Aſcenſions, but Geometrically thus. 
7. Divide the Equinoctial into 12 equal Parts, then 


laying 


* * 29, 1 N 5 of "ge WY 5 


336 Projection of the Sphere. Part I], 
laying a Ruler to E (the Center of the Ecliptick) 
and to every of thoſe 12 Diviſions of the EquinoRial, 
and it will cut the Ecliptick in the Points J, &, I, 
, K, M, , M, 7, V, , X: and according as you 


divide the Equinoctial into every roth, oth, or every 


ſingle Degree, ſo may you divide the Ecliptick alſo. 


8. For the Azimuths, or Vertical Circles, to the 
Radius of the Equinoctial Circle, take the half Tan- 


gent of 387 30, the Complement of the Latitude, 
and ſet from P downwards (upon the South; part of the 
Meridian) to Z; ſo ſhall Z be the Zenith where all 
the Azimuth Circles do concar: and how to project 


them, is in this manner. 9. Take 51“ 30? the Lati- 
Tude, out of the Scale of half Tangents, and prick 


them down on the North part of the Meridian from 
P to X; and thro X draw a Tangent-line parallel to 


YP a, extending it infinitely on both ſides of the 


Meridian. 10. Make ZX a new Radios, open your 


Sector to that Radius, and take out the Tangents of 


Io, 20, 30, &c. and ſet them both ways from X up- 


on the Tangent -· line. But for want of a Sector you 
may with any Line of Chords ſtrike a Semicircle, and 


divide it into Degrees, and lay a Ruler to Z and to 


every 10 Degrees, and it will cut the Tangent-line in 


the Points 10, 20, 30, &c, which Points will be the 
Centers of the Azimuth- Circles; and the Semid iame- 
ter of each Azimuth will be the Diſtance between 2 
and each of the ſaid Centers. 11. For the Circles 
of Poſition draw a right Line thro H, the Center 
of the Horizon parallel to V/ Þ = (the EquinoQtial 


Colure) then divide the South Semicircle of the Equi- 


noQial into fix equal parts; a Ruler laid from P the 
Pole, to each of thoſe fix Divifions, will cut the for- 
mer Parallel-line in the Points a, b, c, d, and thoſe 
ſhall be the Centers whereby to deſcribe the Circles 


of Poſition : and thus is this Projection finiſhed. 
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829 

How to project the Sphere upon any oblige Circle 3 
and to find in what Latitude, and Difference of 
Longitude (from the Place where the oblique 
Circle deviates from the Meridian and Zenith 


| of a known Latitude) it foal be an e 
Plain. 


As great Cirdes of the Sphere are Merians in ſome 
place of the World or other, ſo all Plains on which 
Sun- Dials are made, are Horizontal Dials in ſome 
one part of the World; 5 and ſuch a Plain (or great 
Circle) which I mean here, will beſt be repreſented 
by the Roof of a _ Now ſuppoſe in the La- 
titude of London 51* 30', that the fide of a Houſe 
ſhould decline from the South Weſtward 24 20', and 
the Roof thereof incline towards the North part of | 
the Horizon 36 deg. I would know in what Latitude, 
and how much differing in Longitude, that part of 
the World is, in which this oblique Plain will be an 

Horizontal Plain. 
HFaving drawn a primitive Circle HXOD, to re- | 
de this oblique Plain 
1. Draw the two Diameters HO and CD croſſing 
ach other at right Angles in Q. 
2. Set the half Tangent of 308, the Plain's Inclina- | 
tion fromQ to 2; ſo ſhall Z be the Zenith of London, 
and Q of the Place enquired. 
3. Set the half Tangent of $4", the Comp: of the 
Plain's Inclination from Q to B; ſo ſhall B be one 
Point thro which the Horizon of London muſt paſs. | 

4. Set the Tangent of 36* from Q to C, or the 
g Secunt thereof from BtoC; ſo is C the Center of 
the Horizon of London HBO. 
J. Take the Tangent of 5* the Comp. of Incli- 
nation, and ſet from to F 6. Take 


E A „% Hm Of WU ou UW 


Meridian (extended) in M, the Sou 


Run YL 4 4 N 5 * * N 
* r nn. 2 IF, ITY 


6. Take 24 20“ the Declination of the Plain, 


from the Scale of Chords, and ſet from H to t, from 


D to d, and fromO to e. 
7, A Ruler laid from Z to c, d and e, will give the 
points W, 8, and E, for the Weſt, South and Eaſt 


Points of the Horizon of London. 
8. Draw FG perpendicular to QF, (or parallel to 


HO) and extend it as far as you ſhall ſee requiſite. 
9. Draw a Line thro the Points E and W, (which 

if you have committed no former Error, will paſs 

alſo thro the Center Q.) and extend it till it cut 


the Line FG laſt drawn; ſo ſhall the Point of Inter- 
ſection be the Center of the Meridian PZS, which is 
the Meridian of the Place where the declining incli- 


ning Plain in London will be an Horizontal Plain. 


10, A Ruler laid from W to Z, will cut the pri- 


mitive Circle in a, from which Point ſet 389 3o' 
the Complement of the Latitude of London to h; 


and a Ruler laid from W to b, will cut the Meri- 
dian in the Point ? for the North Pole of the 


World. 5 | 2 

11. Set 90? of Chords from b to 5, and from f to 
g; a Ruler laid from W to u, will cut the Meridian 
in E, for the Point wbere the Equinoctial muſt cut 


the Meridian; and laid from W to 5 will cut the 
t 


Right-line drawn thro P, Q and M, ſhall be the Axis 
of the World. 1 

12, The EquinoQtial Circle muſt be drawn thro 
the Points W/EE; and to find the Center thereof, 
divide the Right-line WE in two equal parts in R, 
and upon R raiſe the Perpendicular RT, drawing it 
forth till it meet the Axis of the World PQM (ex- 


tended) in the Point T, which is the Center of the 
Equino&ial Circle: Or, if from R, thro C (the 


Center of the Horizon) a Right-line be drawn, and 
extended till it coneur with the Axis of the World 
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PaM extended, it will meet in T, the Center of the 


be an Horizontal Plain. 


Equinoctial alſo. ; 

13. Divide MP into two parts at right Angles in 
D, and draw DG, extending it infinitely. 

14. Upon P, at the Diſtance PD (or any other 
Diſtance) with 60? of Chords, deſcribe the Semi- 
circle LDN; and laying a Ruler from P to G, the 
Center of the Meridian PZS, it will cut the Se- 
micircle LDN in K: at which Point K begin to 
divide the Semicircle into 12 equal parts at the 
Points © © © ©, &c. Then a Ruler laid from P to 
each of thoſe 12 equal parts, ſhall give the Points of 
the Tangents cf 15, 30, 45, 60, &c. in the Line DG, 
in which ſhall be the Centers of the Hour Circles, G | 
being the Center of the firſt Meridian or 12 of the | 
Clock, or the Meridian of the Place. Or having a 
Sector, make PD Radius, in the Lines of Tangeats ; 
and take the Tangents of 15, 30, 45, 60, &c. and 
ſetting them upon the Line GD both ways from D, 
ſhall give the Ceuters. N = 


The Projection thus / finiſhed, if you take the Diſ- 
tance QP in your Compaſſes, and meaſure. it upon 
the Scale of half Tangents, you will find it to con- 
tain 72? 34/, whoſe Complement is PX 1726“; and 
in that Latitude will this declining inclining Plain 


And if you lay a Ruler from P to , it will cut the 
primitive Circle in b; and the Diſtance Nh, mea- W 

ſured upon the Scale of Chords, ſnall be 14 41 which 
is the Plain's Difference of Longitude. >. 

So that a Plain declining 24 20',/ and inclining 36 
deg. in the Latitude of London, will be an Horizontal 
Pl.ia in the Latitude 17“ 16“, and Difference of Lon- 
gitude from London 14 41/, which is about Caſſena in 


Negroland. © | 3 
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r 'V 
How to project the Sphere upon the Plain of the 
Equinoctial. „ 


1. Let the Primitive Circle A = B Y repreſent the 
Equinoctial, divide it into 24 equal Parts, and mark 
them with their proper Hours; the Center © repie- 

ſents the Pole of the World, „ 

2. The Diameter A © B, having XII at each end 
thereof, is the general Meridian, and the Solſtitial Co- 
lure. | = 

3, The Diameter © having VI at each end, 
is the Hour of VI, and alſo the Equinoctial Colure. 

4, The Circle OPFS, is a polar Circle, and is 

diſtant from © the Pole of the World 235 3o/, which 

is thus deſcribed : Take the half Tangent of 23? 300 

in your Compaſſes, and upon © deſcribe the Circle 

OPES. y e 

5. The Circle ES WV, repreſents either of the 

Tropicks, and is diſtant from the Equinoctial 23" 30'; 

or it is diſtant 66“ 30“ from the Pole ©. To project 

it, take 66“ 30“ out of the Scale of half Tangents, 
and with that extent upon the Pole © deſcribe the 

Circle EN W S. 3 | 

And here Note, That all Parallels of Decligation 
are deſcribed by the half Tangents of the Comple- 
ment of their Diſtances from the Equinoctial upon 
the Pole ©, as the Polar Circle and Tropicks were. 

6. The Circle Y S = is the Ecliptick, whoſe grea- 
teſt Obliquity from the EquinoRial is 235 3o', and it 

is thus deſcribed : Set the half Tangent of 66 30 

from © to S, and ſet the Secant of 23 3o' from S 

to G, ſo is & the Center: The Pole of the Ecliptick 

s the laterſe&ion of the Polar Circle with the Meri- 

dian at P, thro which Point all the Circles of the 

stars Longitude paſs. | 
„ 7. The 


the Secant of 38930 
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342 Projection of the Sphere. Part Il. 
7. The Circle YH =, repreſents the Horizon of 
London, whoſe Latitude is 12 3057 To deſcribe it, 
ſet the half Tangent of 130", from © to H, and 
from H to I the 


Center. F ole, Tang 
being ſet Rm © to Zz, ives Zenith, which is 
alſo the Pole of the H 1zon, ere which Point all 
the Azimuth Circles paſs. JR 

8. The & Circle, KPL 144 circle of, Longid Ne paſſing 


. thro'6s5. pk , Which is 425 Lon gitude of Baron, or 
Longi- 


the Bull. He. To deſtribe he (les of 
tuder , Tirſts they muſt all paſs throthe Fo P, and 
every degree of the Ecliptick, fo that the 


was 


Pole; 8 ven, thro which they 
may be* deſcribede the Secant of 66* 300 will 
reach from upon the Meridian to the Center of | 


oo deg. and 180 deg, of A en viz. of the Cir- 
cleYP=: 25 ters e reſt will be in a right 
Line drawn at Sent Ales to the Meridian, thro 


the Point X, and are found by their Tangents, as was 


before taught, 


9. The Circle * a X is a Parallel of the Bulls Eye“ 
Declination 15˙ 48', and is deſcrib'd by taking the 
half Tangent of its Complement 74” 12', and upon 


© ſtrike the Circle. 


10. The Circle Y Z = is the prime Vertical, or 


Azimuth of Eaſt and Welt. To deſcribe it, it is 


to paſs thro Zthe Zenith, as all Azimuths mult do; 


and ſeeing the Zenith i is diſtant from the Pole 3830, 
ſet the Secant of 515 30' from Z upon the Meridian 
to Y the Center; and in a Line drawn at right An- 
ples to the Meridian thro the Point V, ſhall the Cen- 
ters of all Azimuth Circles fall, which are found by 
ptr Tangents Z being made Radius. So the Point 


is the Center, of the Azimuth R # ZV, an Azi- 


Muth of 3 395 42 from the Eaſt, and the Point d the 


5 


cli k being di vided from P the Pole chereof, as 
wed' hö w to divide the Horizon from 2 its 
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344 Projection of the Sphere. Part Il. 
Center of the Azimuth M & Z paſſing thro the Bul/; 
Eye at 6 a-Clock, being 10 deg. from the Eaſt, 

11. The Circle me * u, is a Circle of. Altitude 
20” 20' paſſing thro the Bull's Eye when he is upon 
the Weſt Azimuth. To deſcribe this Circle, the 
Point Z the Pole of the Horizon being 38? 30 diſtant 


from ©, add and ſubtract it, to and from the C N. 


plement of 20˙ 20/, viz. 69* 40, and the Sum is 8. 
10“, aad the Difference is 31? 10'; ſet the half lan- 
gout of 108" 1o' from © to g upon the Meridian, ud 


et the half Tangent f 312 1of from O to e, the | 


middle between e a9 g is f the Ceuter of the Parabel. 


After the ſame manne may you draw the Circle # «, 


beiag a Pars lf 450 Altitude, whoſe Center is T. 
Thus haves ſnhe ed you how to project the Sphere 
upon ſeveral Circles; by which, and the Directions 
in the roth Chap. of tne firſt Part, of Spherical Geo- 
metry, you will be enabled to perform any Projection 
— CE 5 | 


Cl 


The Doctrine of Spherical Triangles 
applied to Practice in Geography, 
ſhewing how to find the Diſtances of 
Places upon the Terraqueous Globe, 
by the Arch of a great Circle, with 
the Angles of Poſition. 


SRO. 


Two Pltces differing only in Latitude, to find their 
5 Diſtance. | 


F the two Places be both in North, or hoth in 
South Latitude, the Difference of Latitude 
brought to Miles is their Diſtance. But if one 
Place be in North, and the other in South Latitude, 
then the Sum of their Latitudes brought to Miles is 
their Diſtance, | | | 
Example 1. What is the Diſtance between the 
Liard in the Latitude 50 12', and Tangier in the 
Latitude 35? 36', both North? | 
Subtract 35? 36“ from 50 12/, and there remains 
14" 36/ which mvltiplied by 60 makes 876 Miles. 
Example 2, What is the Diſtance between the 
Liard in North Latitude 50“ 12/, and St. Helena 


ia South Latitude 16 ü“ 2 
Add the two Latitudes together, the Sum is 66? 
1257 which makes 3972 Miles. 5 


2 "HED 
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Tuo Places differing in Longitude only, to find 
their Diſtance. | 


In this Section are two Varieties. 


1/7, Two Places in the Equator, their Longitudes 
being given, to find their Diſtance. 

1. According to the old way of counting the Lon 
gitude, that is, as it is commonly number'd in Map« 
of the World, Globes, Cc. where it begins at ſome | 
particular Place, as in ſome it is counted from Pico 
Teneriffa, and ſome make the firſt Meridian at Faro; 
ſubtract the leſſer Longitude from the greater, and 
the remainder (if leſs than 180 is the Diſfance re- 
quired : but when it is more, ſubtract the remainder 

from 350, and the laſt remainder is the Diſtance, 
2. According to the new way of counting the Lon- 
gitude (in the Mariner's Compaſs Reftified) the Rule 
is thus: If the Longitudes be both Eaſt, or both 
Welt, ſabtra& the leſſer from the greater, the re- 
mainder is the Diſtance: But when one is Eaſt, and 
the other Weſt, add them, and the Sum (if it ex- 
ceed not 180”) is their Diſtance 3 and when it ex- 
ceeds 180", ſubtract it from 360, the remainder 1s 
the Diſtance required. | 

Example. What is the Diſtance of Sumatra, whoſe 
Longitude is 137 10', from the Iſland Sr. Thoma, whole 
Lyagitade is 33* 10% both lying under the Equinoc- | 
tial? | E | 
The Difference of Longitude is 104? oo', which 
makes 6240 Miles, and ſo much is the Diſtance of 
the Iſlands. 5 Ns 

24. Variety. Two Places under one Parallel, or 
both in one Latitude, their Longitudes being given, 


ro find their Diſtance. | f 
. ; ; Exams 


© —— - —— 2 —— — „460 
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Example. I demand the Diſtance between the 
Lizard, and Pengwin Iſland in Newfoundland, 


Peng win Iſland 321*%56&/, Or 53* v0 


mA. 


312 14 47 46 Diff. Lon. 
o | 


4 


In this Figure Xe repreſents the Equator, N the 
North Pole, and S the South Pole; C repreſents the 
Iſland Peng win, and D the Lizard, both in the Lati- 
tude of 50 deg. and CDG repreſents a great Circle 
which paſſes thro both Places; then in the right- 
angled Triangle CN o, there is given CN 49* o 
Compl. of Latitude, and the Angle CNo 23? 53' 
half the Difference of Longitude; to find Co half 
the Diſtance ; which being doubled, will be CD the 
whole Diſtance, Therefore it will be, As 
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As Radius to the s. of CN 40? 0 9. 808067 
So is the s. of the Angle CN 23 530 9g. 607322 


To the s. of Co 15“ 5 half the Diſtance 9.415389 
So the whole Diſtance is 30? 10'= 1810 Miles. 


— 2 — 


To find the Angles of Poſition o CN, or o DN 


In the Triangle, CN o, right-angled at o, we have 
given CN 40 oo), and the Angle CNo 23 535 to 
find o CN. Therefore it will be, 


As ct. of CNo „ 10.353801 
Is to Radius „„ 

So is cs. CN 40 o ꝙ 9.884254 
To ct. the Angle i,, 9. 539453 


The Angle o DN is equal to o CN, being ſubtended 
by equal Sides. 


SECT. 


Part II, 
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Sr 


Te Wo Places differing both in Longitude 
and Latitude, to find their Diſtance. 


In this Section are three Varieties os Caſes. 


HOMASE 


One Place may be in the Equator, and the other 
towards either of the Poles. 


EXAMPLE. 


Let the two Places be the Lizard in 50? oo North 
Latitude; and the Iſland Gz/olo under the Equinoc- 
tial, the Difference of Longitude 134 deg. what is 
the Diſtance between the two Places ? 

In the former Figure, C repreſents the Lizard in 
the Latitude 50 o, and H the Ifland Gilolo in the 
Equator, and CHG the great Circle paſling thro 
both Places. 

Then in the ſpherical quadrantal Triangle CNH, 
or rather its oppoſite HSG, there is given the 
quadrantal Arch HS; the Side SG equal to CN 40? 
00, the Complement of the Lizard's Latitude; and 
the contained Angle HSG, the Complement of the 
Difference of Longitude 46? O, to find the Side GH. 
Otherwiſe in the rigbt-angled Triangle GH & there 
is given H & 46? oO, the meaſure of the Angle HSG, 
and G & 50? o 


. » the Complement of SG, to find GH. 
Then it will be, . 


As 
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As Radius to cs. H 46 O0 | | 9.84177 
So is cs. G & _ oo 9.80807 
To c. GH 63% 29 ů 0⁰ͤf 64584 


Whoſe Complement to 180* is CH 116 31% the 
Diſtance of the Places, which is 6991 Miles. 


1ꝶ68j! 
— 


To font. the $a of dirett Po lion, CHN . 


NC H. 
In the Triangle CNH . | 
As s. of CH 116? 31' (or 63? 29). 0.048272 
Is to s. of the Angle CNH 134 n 9.856934 
So s. of CN 40ꝰ o 9. 808067 | 
| To 8. of the Angle CHN 6 9.71 13273 
Again, | 
As s. of CH 116* 31/ (or 63? 29) 9.951728 
Is to s. of the Angle CNH t 34" (or 46") 9.856934 
S0 s. of NH « go' 10. | 
Tos. of the Angle NCH \ 3s 7 
A8 


Borh Places may be on one Side of the Equator; 
2977 is, both in North, or both in South Lai. 
4 4 Co 
EXAMPL * 


Let one Place be the Lizard in 50 oo' of North 
Latitude, and the other Aracan in the Bay of . 
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in 202 0c/ North Latitude; the Difference of Longi- 
tude between them is 108 ; what is their Diſ- 
ance ? 

In the former Figure, C repreſents the Lizard, 
B repreſents Aracan; and CBG the great Circle 
paſſing thro both Places. N 

Then, in the ſpherical Triangle CNB, there is 

given CN 400 oO, the Complement of the Lizard's 
Latitude, BN Jo oo, the Complement of the Lati- 
tude of Aracan; and the Angle CNB 108 dep. the 
Difference of Longitude ; to find the Diſtance CB. 


BY Mr. Collins's Proportion. See Caſe the th of 
Oblique-angled Spherical Triangles. 
As Radius to the cs. of the Angle in- 
cluded 108? = 8 : 9.489992 
So is t. of the leffer Side 40⁰ 9.923813 


To t. of a fourth Arch 14 32 9.413795 

Here you may obſerve, That when the included 
Angle is obtuſe, you reſolve the oppoſite Triangle, 
by this way. As in this Example, in the Triangle 
BCN the included Angle BNC is 108%, therefore you 
reſolve the oppoſite Triangle BGS, wherein you 
have given SG equal to CN 40”, and SB 110), the 
Complement of BN to 180?, and the included Angle 
_ BSG 72, the Complement of CNB to 180), to find 

BG, whoſe Complement to 180? will be the Diſtance 
required BC. In the firſt place, the Perpendicular 
G a being let fall; inthe right-angled Triangle G d 8, 
there is given SG 40”, and the Angle GS 4 727, to find 
Sd the 4th Arch, which is 149/32/; this being ſubtrac- 
ted from BS 110), the reſidual Arch is 95? 287. Then, 


As 
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As cs. of 8 d the ath Arch 1437 o.014124 
ls to cs. of B d the reſidual Arch 95˙ 28/ 

(or 84320 he lefſer Sid $ Wee 1 
87 o * to the leſſer Side 40? al 9. 884254 
To cs. of BG, whoſe Comp. to 180* is 

BC 85 ↄ . Ws 8 8.377315 | 

Here the contained Angle being obtuſe, (in the = by 
given Triangle) and the reſidual Arch more than Is 
90", therefore the Side BC is leſs than 90", as plainly No 
appears by the Figure. js 1 
If the included Angle be acute, the Operation [ 
differs nothing from the common Method, by letting Lt 
fall a Perpendicular. Cir 
This may be otherwiſe reſolved by Mr. Collins's o- 1 
ther Proportion, explained in the ſaid 9th Caſe. the 
6/ 

The Log. Sine of 40⁰ oo' the leſſer Side 9.8080675 oy 
The Log. Sine 2 70* oof the router _ 9.972935353 Wl the 
The Log. Sine o 4 (ba the Ang Tri 
doubled ; 8 — the 

The Log. of 2 1080 Ang 

$3 9p ituc 

The natural Sine a . 9. 8979985 10 1 
T7 

= the natural ver ſed Sine 30˙̃ 00 angel, 

| Add 1339 7468 the Diff. of the Legs. the 
| 1 — the natural verſed Sine of 855 4¹ As 
| * 92466428 the Diſtance required. Te 
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The two Places may one lie in North Latitade, 


and the other in South. 


EXAMPLE. 


Let one of the Places be Cape Horn; that is, the 


fartheſt South Point of Land in America, in 57 54 
South Latitude, and the other the Iſland of Barbudos 
in the great South-Sea, whoſe Latitude is 9? oof 
North; the Difference of Longitude between them 


is 108, what is their Diſtance ? 


In the former Figure, P repreſents Cape Horn, and 


L the Iſland Barbudos; and SPN repreſents the great 


Circle paſſing thro both Places. 

In the Triangle LPS, there is given the Side SP, 
the Complement of the Latitude of Cape Horn 32? 
c6/, the Side LS the Latitude of Barbudos, with 90? 


added 97? oO“; and the contained Angle LSP 108% 
the difference of Longitude; or rather the oppoſite 
Triangle SPT, in which is given the Side SP 327 60, 
the Side ST the Complement of SL to 180%, and the 


Angle PST the Complement of the difference of Lon- 


gitude to 180), to find the Side PT, whoſe Compl. 


to 180 is LP required, 
Having let fall the Perpendicular Pe; in the right- 


angled Triangle PS there is given PS 32 06, and 


the Angle PSc 72", to find Sc, Thus, 


As Radius to cs. of PS c 72 9.489982 
To t. of PS 32' 06' 9.797474 


ä 


To t. of the fourth Arch Sc 10 58“ 9.287436 


Which ſubtracted from ST 83", there remains 
Tc72* e, Then, 8 
Aa | > al 
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As the cs. of the fourth Arch Sc 10 58' 0.008004 
Is to cs. of the reſidual Arch Te 72% O 9.489204 


So cs. of the leſſer Side PS 32" o06' - 9.927946 
To the cs. of PT 74 34 | 9:425154 


The Log. Sine of 32? 06' the lefler Side 947254204, 
ON Log, Sine - 97 the greater Side . 9.9967507 
L g. . 0 1 A Th . 
T — yn of 54 (half the ng 78 19.815915 
n 4 o. 3010300 


The natural Sine againſt 8391163 
Is = 6904231 


Add 5758006 


8 = the natural verſed Sine of 64 
12662237 § 54% the diff, of the Legs. 
7337763 = the Arithmetical Complement. 


Which is the natural verſed Sine of 74 340 whoſe 
Complement to 180? is 105* 26', the Diſtance ſought. 


Kk_ V 
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0 H A P. VI. 
Spherical Trigonometry applied in Are. 


nomical Problems. 


PROBLEM I. 


The Sun's Place, and greateſt Declination being 
Hs; to find the preſent Declination. 5 


| Definition. 


H E Declination of the Sun, or of a Star, is 
| a part of the Meridian intercepted between the 
i 8 Circle, and the Center of the Sun or 
; tar 

In the Triangle A B I (in the following Figure) 
we have given, the Angle B A I the Obliquity of the 
Ecliptick 23” 29“, and A I the Diſtance of the Sun 


: from Y 60? 3 to find BY. 
t. 
As Radius to the Diſtance of the Sun 
from F 60% 0d 8 n 
80 is the Sine of the greateſt Declina- 2 
tion 2347 . i 9.60070 


To Sine of the 8 Declinat. 20? 120 9.83823 


Note. That the Sun's Diſtance is always counted 
from the neareſt of the Equinoctial Points Y or =; 
therefore if the Sun be in the Northern Signs T, 'V, 
or U, or in the Southern Signs W, ®, or X, his 
Diſtance i is counted from T. But if his Place bein 
the Northern Signs , , or m, or in the Southern 
Signs =, M, or 8 it is reckoned from c. 

| Aa 2 PR Os 
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PROBLEM I. 
a The Sun being entring into Gemini, what is the 
- tr rigbi Aſcenſion? | 
1 . Dea, = 
| The right Aſcenſion is an Arch of the 1 
l intercepted between the point Aries and the Meri- 
! dian that paſſes thro the Center of the Sun or Star. 
| In the Triangle AB I, we have A I the Sun's Diſ- 
1 tance from Y so, and the Angle BA I 23 29/; to 
fi find the Side AB 5 
18 
| 
q | 
| ; 
U . 
| As ct. of A N 60? 5, 
| J. or A Il 60 9.761439 
N — = e 
| T” So Is ex of 23% 29 Ma geo 9.962453 
q To t. of AB 57% 4% 5 1 10.201014 
. = 1. SN —- Or 
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Or thus, 1 


As Radius to t. of the Sun s Diſtance 

from 10 des 8 10.238561 
Soi is cs. of the greate eclination? 

23* 29/ | £ 9.962453 


— 


To t. of right Aſcenſion AB 57490 | 10-201014 


7 


PROBLEM III. 


| If the Sun s Declination be 12 30%, what is the 
Sun's Place, or Longitude from T; and what 
his right Aſcenſion ? | 


In the right-angled Triangle ADC, there is given 
the Side DC the preſent Declination, and the Angle 
DAC the greateſt Declination ; to find AC the Sun's 

Diſtance from V, and alſo his right Aſcenſion AD. 


Ass. of the greateſt Declination 23' 290 9.60070 

Is to the s. of the preſeat Declinat. 12" 300 9.33534 

$0 is Radius 10. 

To s. of the San s Diſtance from V 32" 52“ 9.7 Ss 
So the Sun is 2* 52/ in N. 


As Radius to ct. of greateſt n 
= | 
So t. of the preſent Declination 1230 9.3475 


10. 36204 


To the s. of right Aſcenſion AD 30? 41 9. 70779 


If the Sun's Declination be North, and in- 
creaſing, this Proportion finds the Sun's Diſtance 
from Aries; if decreaſing, from Libra in Northern 
Signs, & contra. | 

Aa 3 "PR o. | 
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or it is the ſpace of Time the Sun riſes or ſets before 


of the Equinoctial that 3 


tick, in an oblique Sphere. 


I n ä ty + — * ow 
: F — 


PROBLEM IV. 


The Latitude o F a Place, and the Sun's Declina. 
nation being given, to find the Aſcenſional Dif. 
ference, and Amplitude. 


E X AM En at 


In the Latitude 51* 32/, the Sua's Declination being : 
15* 29, mm is the Aſcenſional Difference, and Am- 5 
plitude : . Ns 

Defin. 1. The Latitude of a Place upon Earth, is of 
an Arch of the Meridian of that Place, contained le 


between the Zenith and the EquinoQtial, as ZE; 
equal to the Height of the Pole above the. Horizon, 
. „ 

2. The Aſcenſional Difference, is the Difference be- 
tween the right and oblique Aſcenſion or Deſcenſion; 


or after ſix a-Clock. 


74 Aſcenſion 5 233 . 
3. Oblique D 8 Back is an Arch of the Equi- 


noctial, between the beginning of V, and that part 
HR : with the Center 
of the Sun, or Star, or with any Point of the Eclip- 


th 


4. The Amplitude is an Arch of the Horizon, con- 
tained between the Ecliptick and the Equinoctial, 
and ſhews how far the Sun riſes or ſets from the Eaſt 
or Weſt Points of the Horizon. : : 

In the Triangle APQ right-angled at P, there is 
given the Angle PAQ 38? 287“ the Complement of the 
Latitude, and PQ, the Sun's Declination; to find AP 
the Aſcenſional Difference, and AQ, the Amplitude. 


As 


* 


cy 
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As Rad. to ct. of PA ) 380 28' Comp, of 
Lat. 2 P 5 £ 10. 09991 
So is t. of PQ 15" 29“ the Declination 9.44249 


To s. of AP the Aſcenſional Diff. 20® 240 9.54240 


Which reduced to Time makes 1 hour 21 z min, 


and ſo much the Sun riſes before Six, and ſets after 


Six at Night if the Declination be North, as is ſop- 
poſed in this Example; ſo the Sun riſes at 384 min. 
after 4, and ſets 21% min. after 7. | 

f the Sun's ſetting be doubled, it gives the length 
of the Day; and the Sun's riſing doubled gives the 
length of the Night. | 


As s. PAQ 380 28/ the Comp. of the Lat. 9.79 38 3 
Tos. P15 29 the Declination 9.42644 
So is Rad ius 5 2+ uo; 


8 
r 


To s. of the Amplitude AQ 25* 25 9.63261 


And ſo many Degrees the Sun riſes Northerly from 
the Eaſt, and ſets ſo much from the Weſt. 


** 


PROBLEM V. 
To find the oblique Aſcenſion or Deſcenſion. 


Firſt, Find the right Aſcenſion, by the ſecond Pro- 


blem; and the Aſcenſional Difference by the laſt. 


Secondly, If the Sun's Declination be Northerly, 
the Aſcenſional Difference ſubtracted from the right 
Aſcenſion, leaves the oblique Aſcenſion z and added 
to the right Aſcenſion, gives the oblique Deſcenſion. 


Aa 3 Thirdly, 


360 Aſtronomical Problems. Part 11. 
Thirdly, 1f the Sun's Declination be Southerly, the 
| AſcenGonal Difference added to the right Aſcenſi ion, 
gives the oblique Aſcenſion 3 and ſubtracted chere⸗ 
from, leaves the oblique * 


0 * Oo * 


PROBLEM VI. 


The Kad of the Place and Declination of the 


Sun being given, to find ar what time the Sup 
wil be due Eaſt or Meſt. 


E X A hi P L E. 
In the Latitude 51 32“, and Sun's Declination 


15 29“ North, to find at what time the Sun will be 
due Eaſt or Weſt. 


In the right-angled Triangle Ab 4 in the former 


Figure, there 1s given the Side ab 15" 29', and the 
oppoſite Angle 4 A 51 32'; to find the Side bA 


the time from Six. "Then, 


As Radius to ct of 4 Ab 51 32“ the ve 9.90009 
So t. of ab 15˙ 29/ the Declination 9.44249 


To s. % A 1243 the time from Six 9.34258 


Which being reduced to Time, makes 51 min. ferè, 
which added to 6, gives 6 h. 51 m. at which time 
the Sun comes to the Eaſt, and being ſubtracted 
from 6, the remainder is ] h, 9m. at which fume the 
Sun! is due Weſt, | 


PRO: 
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©S 
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Th 
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PROBLEM VII. 


The Latitude of the Place, aud Sun's 88 


being given, to find the Sun 's — being 
due Eaſt or Weſt. 5 


EXAMPLE. 
In the Latitude 51 32', and Declination 15 29 


North, to find the Sun's Altitude, being due Eaſt 
or Welt. 


In the right-angled Triangle Aba in the former 
Figure, there is given the Side a b 15* 29/, and the 
oppoſite Angle aAb 51 32/, to find the Hypothe- 
nuſe aA. Then, 


As s. of aAbg51* 320 the Latitude 9.89374 


To Radius 10 


So s. of 46 15˙ 29 the Declination | | 9:42644 


To s. of 4A 1 956 the Sun's Altitude 1 
at : Eaſt or Welt 5 * 


Wa 


PROBLEM vm. 


he Latitude of the Place, and the Sun's Declina- 


tion being given, to f nd his Altitude at Six of 
the C. lock. 


EXAMPLE 


In the Latitude 51* 32/, and Declination 15? 29', to 
find the Sun's Altitude at Six. 
In the right-angled Triangle A ab, in a the follow. 


log Figure, there is given the Hypothenuſe 44 15˙ 


29% and the ts Aa 5. 32/, to find the Side ab. 
| S* As 


Aſtronomical Problems. 
As Radius 

To s. A 415 297 

So s. 2 Ab 51 32 


Tos. ab 127 04 


Part IT, 


10. 


9.89374 


— Somme. 


9.32018 
So the Altitude of the San at Six is 125 . 


PROBLEM IX. 


Ihe Lalitude of the Place, and Sun's Declination 
being given, to find his Azimuth at Six. 


. 
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EXAMPLE 2m 
la the Latitude 51* 32/, and Declination 15˙ 29 
Narth, to fiad the Sua's Azimuth at Six. 
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In the right-angled Triangle A b a, there is given 

the Hypothenuſe A 4 the Sun's Declination, and the 
Angle a Ab 51*32'; to find the Side A 6. 


As Radius to the t. of A a 15* 29/ thed 
Peclination 2 9.44249 
So cs. of à Ab 510 32/ 9.79383 


19 of Ab 9e 55', the Azimuth from = 
„ 5 $-23632 


PROBLEM x. 
The Latitude of the Place, the Sun's Altitude, and 
Declination being given, to find his Azimuth. 


| EXAMPLE p-* 

In the Latitude 51* 32“ North, the Declination 23® 
30 North, and the Altitude 44 40%, to find the Sun's 
Aumith,;: | 

ln the oblique-angled Triangle DPZ, there are 
given, the three Sides ZP 38* 28/, the Complement. 
of the Latitade DP 66* 30/, the Complement of the 
Declination, or the Sun's Diſtance from the elevated 
Pole, and DZ 45* 207 the Complement of the Alti- 
tude 3 to find the Angle DZP, the Sun's Azimuth from 
73 the North, | 


By the firſt Proportion demonſtrated, Page 76, 77. 


DZ 45% 200 DP opp. to Z=66* 30, the half is 33 
1 38 28 | The half Diff. add and ſubtrat 3 26 


Sum 36 41 
Diff. 29 49 
=" 


364 Aſtronomical Problems. Part II. 


DZ 45 20'2 i Sine 0.1 4800; 
ZP 38 28 $ LomP. W 15 Jsine x 0-206168 
The Sum 36* 41'Sine . 9.776259 
The Diff. 29” 49' Sine 9.596554 


The Sum 19.826984 


The half Sum is the Sine of 55 or + 0 3492 
Doubled is = 110 02 = the Angle 2, 

which is the Azimuth from the North part of the 

Meridian. 


** 


—— —— 


VV 
In the Latitude 51732“ North, the Sun's Declina- 


tion 15? 30“ South, and the Sun's Altitude 15* 40 ; 


to find the Azimuth from the North. 

In the Triangle OP Z, there is given PZ 38˙28, 
© Z 74* 20, and OP 105* 30, the Sun's Diſtance 
from the North Pole; to find the Angle © Z P. 


By the ſecond Proportion demonſtrated, Page 79. 
PZ a0" 28 ©Z 7 20“ Ar. Com. o. o 16442 


OZ 74 20 | PZ 3828“ Ar. Com. o. 206168 

Baſe ©P 105 30 | Half Sum 109" Sine 9.975277 
Diff. 3* 39 Sine 8.803876 

Sum 218 18 > — — 
| ——7 „ 101763 
Half | 109 9 | | | — 
— — | -Sum is the S. of 18* 28/ 9.500881 


Diff. 3 39 
1 Which doubl. is 36 56 


Which 36* 56“ is the Azimuth from the South; and | 


the Complement to 180? is the Azimuth from the 
North 143 4. 


EX A M- 
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EXAMPLE 35. 


In the Latitude 51 32“ South, the Sun's Declina- 

tion 23 3o' South, and his Altitude 44 40“; to find 

his Azimuth from the South. = Es 
In the Triangle DZP, in the former Figure, let P 

repreſent the South Pole; then there is given PZ 38? 

28 the Complement of the Latitude, DZ 45˙ 200 the 

Complement of the Altitude, and DP 66? 30“ the 

| San's Diſtance from the elevated Pole; to find PZD, 
the Sun's Azimuth from the South. oe 

The Operation in this will be the ſame as in the firft 

Example, and the Azimuth from the South will be 

110* 02/, the ſame as before, 


EXAMPLE 4. 


In the Latitude 51? 32/ South, the Sun's Declina- 
tion 15*30' North, and his Altitude 155 40“; to find 
the Azimuth from the South. . 

In the Triangle ©ZP, let P repreſent the South 
Pole; then there is given PZ 38 28', ©Z 74 20ʃ, 
and OP 105 300, and ©ZP require. 

The Operation is the ſame with the ſecond Exam- 
ple, and the Azimuth from the South will be 143 
og, the ſame as in that. 1 


n 


_ Cox — 


| If the Sun be in the Equinoctial, you may find the 
Azimuth by the following Proportion. In the Tri- 
angle CEZ, EZ is the Latitude, and CZ the Com- 
plement of the Sun's Altitude; therefore it will be, 
As Radius to t. of the Lat. EZ; ſo t. of the Al- 
titude, to cs. of EZC, the Azimuth from the South. 


1 = 
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2 
2 — — — _ 1 — 


„ PS 
The Latitude of the Place, the Sun's Declination 


and Altitude being e ; to find 5 ogg of 
the Day. 


— 


r 
r n a - 
Br eng "ares VR nw 97 
2 3 ge wins wats ot re *- 


In the Latitude 5¹⁰ 32“ North, the Sun' J Declina- 
tion 237 30“ North, and his Altitude 44 40; to find 
the Hour from Noon. 

la the Triangle DZP, i in the former Figure, there is 
given PZ 38*28', DZ 45? 20', and DP 66? zo“; and 

DPZ the Hour from Noon required. The Work, 


DP 66? D300 DZ opp. to P=45* 20", the is 2240 
PZ 38 28 | The Diff. add and ſubtrag' 14 01 


Diff. 28 02 3 The Sum 36 41 
| pes pms Diff. 8 39 


DP 665 30 Sine 0.037608 
PZ 38 28 2 The Arith. Cong of 35:0 0.206168 


The Sum 36⁰ 47, Sine 9.776259 
The Diff. 5 39 Sine 9.177242 


"The Sum 19.197277 


— — 


The half Sum is the Sine of 235 ad 9.598638 
Which doubled is 7 46 the Ang. DPL 


Which in time is 3 Hours 7 Minutes from Noon. 


E X A M. 
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EXAMPLE 2, 


In the Latitude 51“ 32“, the Sun' $ Declination 
15 30“ South, and his Altitude 15*49 3 to fidthe 
Hour from Noon. 

In the Triangle ®ZP, in the former Figure, i is 
given PZ 38 28, OZ 74 20', and OP 105² 300; and 
OPZ the Hour from Noon is required, 


Op 105? 300 OP 105 30 Sine Ar. Com. 0.016089 
P7 38 28-1] PE 35 28 Sine Ar. Com. 0.206163 
| Baſe 74 20 | Half Sum 109" og Sine 9.975277 


—— | Diff. 34 49 Sine 9.756600 
Sum 218 18 > — 
* ö 0 Sum 19.954134 
Half 109 Og 


The < 8. is the s. of 51 330 e 
Diff. 34 49 f Whoſe Compl. is 18 27 


Which doubled is 36 An. SPZ 


Which i in Time js 2 hours 27 min. 36 ſeconds from 
Noon. 


PROBLEM... XIE 


The Latitude of the Place, the Sun's  Declination, 


and the Hour of the Day given, to fins. the 
Suns Altitude. 


E X AMP L E. 


In the Latitude 51 32/ North, the Sun's Decli- 


nation 23? 300, and the Time Afternoon 3 h. 7 min. 
equal to 465 45 . 
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I ſhall here make uſe of Mr. Collins's Proportion men. 


tion'd in Caſe 9. of oblique-angled ſpherical Triag- 


gles. See an Example, Page 146. 


The Compl. Lat. 385 28“ Sine 9.793831) 
The Comp. of Declin. 66 30“ Sine 9. 9623978 
Log. of 2 | o. 3010300 

The fixed Logarithm ” 20.057259 


Log. Sine of 2323“ (half the hour 
doubled add p . 19.1973 204 


77— — 


The natural Sine againſt it is 1796607 39-2545799 


The summer Meridian Alt. is 615 580% 


its nat, s. 8826743 


. which ſubtract 1796607 


— — 


Remains 7030136 


Which i is the natural Sine of 44 40% 


the 1 8 Altitude for the hour and minute * 
ſe 
Perh Winter Meridian Alt. is 4 "58", 
and its natural Sine 
Subtract the former Diff. 1796607 
Remains the natural Sine of) Rem. 791583 
4 32, the Winter Ace I | 
for the h. and min. 9 


7 2588190 


wo 
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' PROBLEM XII. 


The Latitade of the Plate, the Sun's Declination 
and the Hour given, to find the Sun's Azimath, 


"EXAMPLE. . 


la the Latitude 512? 32 North, the Sun's Declina« 
tion 15? Zo! South, and the time from Noon 2 h. 27 
36" equal to 36* 54/, to find the Sun's Azimuth. 

In the Triangle OP (ia the former Figure,) there 
are given the two Sides PZ 3828“, and OP 105* 30%, 
and the contained Angle ©PZ 36* 34, to find the 
Angie m 8 


— — 


OP 19 5 
PL 38 28 , 


— 


8 
Lb 

et 2 
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11 
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1 = 

us 

* 

by L, 

| 
= 4 
Bs 
1 
1 
* ad 
TEA 
: $488 
i 
Th ; 
1 I 
"Sj 2 
N. 
' A 
'F 
\ 19 
: BY 
: 2.51. 
1 
1 
1 1 
1 
% 
Naarn 
Þ i; 4 
* 
N 
I 
098 + 
1 1 8 
1 
Nai 
d. 17 
ut. 11 
1 1 
cl Cr 1 MM 
PRE, : 
174 1 
i 
N of : 
4 = Fi 
* 2 4 
IF of: 
1 
n 
4] 4, 9 
b 1 
e 

4 
+ - 

Ls. * 
Mie 
4 15 * 
oF 17S. 
n 

"BR PR bi 
| 
4 . 


Sum 143 38 half Sum =71* 5 PZ 365 30% 


Dif. 67 oa half Diff. 33 31 half 18 27 


— hs + * * _— 
1 — 
* 2 8 
22 r 2 . 
ERP — , 2 8 


As 8. of the half Sum of the Sides 71* 59' 0.021835 
To s. of half their Difl. 33 31 9.742080 
So ct. of half the cont, Ang. 18 27 10.4767 4 


To . of half the Diff. of the oppoſite 8 
| Angles 60? o BR 5 | 4 | 10.240656 


bm I 


e 


* 9 


s 
— 
” — 
(7%; us 2 
— — — 2 Fl — - > —— 
* $7 a2 2 1 4 ES as & 1 
3 . S-0E  1 7 1 p 
4 : * J A COA -—- — * — 2 — 
4 — PAR y 2 — — — by 
* — 
A — — * = 
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As cs. of half the Sum of the Sides 71 59 0.809629 
To cs. of half their Difference 33 31 9.921023 
So ct. of half the contained Ang. 18 27 10.476741 


— — 


— — 
RO Wont * 
nf tes BEBE” 15-ee 
"I : 


0: Tot. of half the Sum of the oppoſite? : 


Angles 82* 57 nn 
= - 
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C 
The * Sum of the opp. An les 2 37 
The Diff. add 1 7 7 1 
The Sum 2 04=©ZDrequired. 8 
*.. PROBLEM N 
The Latitude of the Place, the Sun's Altitude, 
and Azimath given; to find the Hour. 
EXAMPLE, — 
In the Latitude * 327, the Sun's Altitude 44* 40˙0 
and his Azimuth from the North 110% ©2/ ; to find | 
the Hour from Noon. Th 
In the Triangle DZP, there are given the two Sides / 
D 2 45 2o', the Compi. of the Altitode ZP 38" 280, 
and the contained Angle DZP 110 o; and the op- 
poſite Angle required. 
2 45 207 oe [ 
PZ 38 28 Is] 
| | ſon 
Sum 83 48 = Sum==41* 545 DZP 110? 02 *. 
Diff. 6 52 2 Diff. = 3 1 55 ol — 
As s. of the half Sum of the Sides 41 54 0.175332 — 
To s. of half their Diff. 3 26 8.777333 | a 
So ct. of half the Angle DZP 55 01 9.844958 — 
To t. of half the Diff. of the oppoſite 5 SI 
Angles 3* 35 Z was oh 
dum 
As 


— 


Chap.7.  Aftr onomical Problems; 5 3 
As cs. of the half Sum of the Sides 41 54 0.128245 


To cs. of half their Diff. 3 26 9.999220 
So ct. of half the Angle DZP 55 01 9.844958 


Tot. of = the Sum of the opp. A 
fen ane e 9.972423 
The half Diff. add 03 35 | 


The Sum 46 46 = Ang. DPZ 
So the Time from Noon is 3 h. 07 min. 


PROBLEM XIV. 


Ihe Latitude and Longitude of 4 fixed Star being 
given, to find the right Aſcenſion and Declina- 
tion. Fo 


EXAMPLE. 


The Longitude of Pollux is 19 14 of Cancer, and 
his Latitude 6* 40 North; to find his right Aſcen- 
fon and Declination. 

In the oblique-angled Triangle SPE, there are given 
the two Sides PE 237% 300, the diſtance between the 
Pole of the Equinoctial, and the Pole of the Eclip- 
tick; SE 83? 20/, the Complement of the Star's Lati- 
tude; and the contained Angle 19? 147, the Longitude 
from Cancer; to find the Angle SPE, the Comple- 
ment to 180 of the right Aſcenſion from Cancer, 
and the Side SP, the Complement of Declination. 

SE 83? 200 | Fo BY 

PE 23 30 


—S——— — 


dum 106 50 1 Sum 53 25 The Angie SEP 1 9 14 
_—— = Diff, 29 55 © The hall 9 37 
Vil. 3 % | we 
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ME 1 


D 


As s. of half the Sum of the Sides 53* 25” 0.095289 
Tos. of half their Diff. 29 55 9.697974 
So ct. of half the Angle SEP 9 3710.770993 
To t. of half the Diff. of the oppoſite? 

Angles 74 44 a 0 10.564155 


As cs. of + the Sum of the Sides 5325 0.224760 
To cs. of ? their Diff. 29 55 9.937895 
So ct. of + the Angle SEP 9 37 10.770993 
8; : Fo G —— Cc 
To t. of + the Sum of the oppoſite 
— 23 21 
The half Diff. add 74 44 


Sum 158 os = the Angle SPE; 


2 - 10,933648 


Whoſe Complement to 180· is 21* 55/, the right] 
Aſcenſion from Cancer; to which add 90? __ 
7 | N ſcen- 


Chap. 7. Aſtronomical Problems. 373 


Aſcenſion of Cancer, the Sum is 1115 55 » the right 


Aleman from Aries. 


For the Declination:_ „ 
405 of SPE 158' of (or 21*55) 0.427991 
Tos. of SE 83? 20 the Comp. of Lat. 9.997053 
So s. of SEP 19 14“ the Long, from S 9. 517745 


To 8. of SP61*14 / the Comp. of Declin. 9.942789 


Whoſe Complement 28* 46 is the Declination 
Northerly. 


4 — 


PROBLEM XV. 


The right Aſcenſion and Declination of a fixed 
Star being given ; to find ny Longitude and 
Latitude thereof. 


EXAMPLE. 


The right Aſcenſion of Pollux being 111* 55", and 
bis Declination 28* 46' North; to find his Longitude 
and Latitude. 

In the oblique Triangle SPE, there are given the 
two Sides PE 23% 3o', SP 6114, and the con- 
tained Angle SPE x58? 05/3 3 to find the Angle SEP, 
and the my Side SE. 


SP 61 14 
PE 23 30 


Sum 84 44 the Sum 42? 22/, Ang, SPE 1 58" og' 
Diff. 37 44 2 2 Diff. 18 52 Regs 79 225 


1 1 
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As s. of = the Sum of the Sides 42 22 0.101422 
To s. of their Diff. 18 52 9.509696 
So ct. of à the Angle SPE 79 02' 9.286963 


To t. of - the Diff. of the opp. Ang. 5˙ 1 98.968081 


As cs. of the Sum of the Sides 4222 0.1 31445 
To cs. of = their Diff. 18 52 9.976017 
So ct. of I the contained Ang. SPE 79 02 ＋ 9.286963 


To t. of & the Sum of the opp. Ang. 1355 9.39442 
The half Diff. add 5 19 


— oe mn 


The Sum 19 14 =SEP the 


To find the Latitude. | 
As s. SEP 19? 15' the Long, from Cancer 0.48225; 
To s. SP 6114 the Comp. of Declination 9.942795 
So s. SPE 158* o5'the Comp. of right Aſcen, 9.572009 


To s. SE 83? 200 the Comp. of the Lat. | 9.997059 


Hence the Latitude is 6” 40“ North. 


* 


PROBLEM XVI. 


The Diſtance. of 4 Planet, Comet, or new Star, 


from two known fixed Stars, being re 0 
find the anknown Star's Longitude and Latitude. 


EXAMPLE. 

The unknown Star's Diſtance from the Swan 't Beal 
is 49 ©5', and from Perſeus's Side 88* 57 J to find 
the Longitude and Latitude thereof, 


Long. from 


* 
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= <cof the Swans Beak w 270707 49˙ O N 
Lon. Z of Perſeus's Side & 27 43 $ 1 30 09 N 


1. In the Triangle ADE, there are given two Sides 
AE 40 58/, the Comp, of the Latitude of the Swar's 
Beak; DE 59 51', the Comp. Lat. of Perſeus's Side; 
and the contained Angle AED 120% 36%, the Diffe- 
rence of Longitude between the two Stars; the 
Angle DAE, and the Side AD required. 


| DE 5951 
AE 40 58 


100 49 half Sum 5024 20 Ang. AED 120˙ 36/ 
18 53 half Diff. 9 26 8 half 6 18 


As s. of the 1 Sum of the Sides 50244 0.113168 
To s. of I their Diff. 9 26 + 9.214958 


5 So ct. of ⁊ the Angle AED 60 18 9.756172 
9 „ 5 8 _— OO 
— Tot. of £ Diff. of opp. Angles 6 55 9.084298 
59 ; 
| As cs. of 4 Sum 50 24 4 o. 195648 
To cs, of © Ts 0 = 9.994077 
So ct. of the Ang, 60 18 9.756172 
To t. of à the Sum 41 26 | 5 9945897 


Half Diff. add 6 55 


9 The Ang. DAE. 48 21 Is 

de. 48s. Dan 48% 21 _— 
To s. DB 59 51 | 9.936872 
S08. AED 120 36 8.934873 


To s. AD 84? 36 | - 9.998297 
: Bb 4 „3 


* n * . 
: "az 3 
5 „ 6 — N AS ty ERIE 2 1 mois 
by on) - r "= dy er wagons hy p — - 7 S * --F<AL — are 
2 ; —_— RI * * 
rs ? - 
— — — — — — = — 
0 
, 


AD 84 56% AD 84 56“ s. Ar. C. 0.001703 
AB 49 os AB 49 O5 s. Ar. C. o. 121672 
BD 88 57 [Z Sum 111 29 s. 9.968728 

| Diff. 22 32 8. 9.583449 
Sum 222 58 > —— 
— ſj Sum 19.675557 


DAB which being added to the Angle DAE, the Sum 
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2. In the Triangle ADB, there are given the three 
Sides, AD 84 56%, the Diſtance between the two 
known Stars; AB 49? o5', the unknown Star's Diſ- 


tance from the Swar's Beat; BD 88? 57/, the Diſtance 
from Perſeus's Side; and the Angle DAB required. 


1 Sum 111 29 | e 2 
i ne of 3% 30 5 Sum 9.837776 
W 


Which being doubled makes 93? Oo“, the Angle 


is the Angle BAE 141* 31% 
Tn 3; la 
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3. In the Triangle ABE: there are given the two 
Sides AE 40 58“ AB 49 05“, and the contained 
Angle BAE 14121“, and the Angle AEB, the Dif- 
ference of Longitude between the unknown Star and 
the Swan's Beal; the Side BE, the Complement 


of the unknown Star's Latitude, is required. 


AB 49* o5/ 
AE 40 58 


Sum 90 03 Sum 45 Ol t Ang, BAE 141” 41" 


Diff. 8 07 Diff. 4 03+ 


half 70 0 


As s. of the half Sum of the Sides 45 011 0.150326 
Tos. of half their Diff. 403 8.849861 
So ct. of half the Angle BAE 70 40% 9.544917 


Tot. of x the Diff. of opp. Angles 2 01 8.545104 


ö 


As cs. of the half Sum of the Sides 45 1 o. 1 50 
To cs. of the half Diff. 4 4 03 + 9.998910 
Soct, of half the Angle BAE 70 40 5 9.544917 
To t. of + the Diff. of opp. Angles 26* 20/ 9.694531 
The half Diff; add "4: 


Sum 28 21=the Ang. 
| AEB. 


Which added to the Longitude of the Swan's Beal, 
v 27% 0%, makes the unknown Star's Longitude to 


be z 25 28, | 
1 Ag 


As s. AEB 28˙ 21 | 0.323438 
To s. of AB 49 05 „9.798 
So s. of BAE 141 21 9.795575 
To s. of BE 83˙ 4% 90.997341 


Whoſe Complement 6' 20/ is the unknown Star's 
Latitude Northerly, = . 


— 


PROBLEM XVII. 


The Meridian Altitude of an unknown Star or 
Planet, and the Diſtance from a known fixed 


Star being given; to find the unknown Star's 
Latitude and Longitude. 5 


EXAMPLE. 


In the Latitude 51* 32/ North, the Meridian Al- 
titude of an unknown Star is 75 49', and his Diſ- 
tance from the right Shoulder of Orion 549 30“; to 
find his Longitude and Latitude, | . 

If you ſubtract the Complement of the Latitude 
38” 28” from 75 49', the Star's Meridian Altitude, 


there will remain 37 21', the Star's Declination | 
North, | 


In the Triangle AOP, there are given the three 
Sides, OP 32? 39/, the known Star's Diſtance from 
the North Pole; AP 52 39, the unknown Star's Diſ- 
tance from the Pole; and OA the Diſtance between 

the two Stars; the Angle APO required, being the 
Difference of right Aſcenſion of the two Stars, 


oF 
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P a” 
3 
OP 82* 39“ Sine Ar. Com: 0.003583 
AP 52 39 Sine Ar. Com. 0.099663 
OA 54 30 Half Sum 94* 54 Sine 9. 998410 
— Diff. 40 24 Sine 9.811655 
Sum 189 48 8 — 
| — ö Sum 19.913311 
Sum 94 54 Wnt — 
Co.: ſine of 25 1o' + Sum 9.956655 


Doubled is 50 20 the Angle Aro. 


Which ſubtracted from 84 53“ the right Aſcen- 
ſion of Orian's Shoulder (becauſe the Star was Weſt» 
ward from Orion) there will remain 34 33 the right 
Aſcenſion of the unknown Star. 

Then having the unknown Star's right Aſcenſion 
and Declination, you may figd his Longitude and 
Latitude by Problem the 15th. | 


PRO- 
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PROBLEM XVIII. 


Having the Latitude of a Place, the Sun's right 


Aſcenſion, and the Altitude of 4 known fixed 
Star ; to find the Hoar of the Night. 


EXAMPLE. 


In the Latitude 51 32“ the Sun's right Aſcenſion 
228%45', and the Altitude of Aldebaran, or the Sou- 
thern Eye of the Bull, 32 30, to the Eaſt ward of 
the Meridian; to find the Hour of the Night. 

The right Aſcenſion of Aldebaran is 64 51, and 
Declination 15? 5. 

Ia the Triangle APZ, there are given the three Sides, 
PZ 38728“, the Comp. of the Lat. AZ 57 30“, the 


Comp. of the Star's Altitude; AP 74* o5', the Com- 


plement of his Declination; to find the Angle APZ, 
the Difference of right Aſcenſion between the A.. 
dium Coli and Aldebaran. | 


AP 


\P 
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AP 74%05/ Sine Ar. Com. 0.016978 
7p 38 38 .  _- Sine Ar. Com. 0.206168 
AZ 57 30 * Sum 85017 Sine 9.998360 
| Diff. 27 31 + Sine 9.664769 
Sum 170 03 8 a ee 
ä — 5 19.886275 
Sum 85 1x — 
„ Co- ſine of 28410 9.943137 


Diff. 27 312 


If 28˙41“ be doubled, it makes 57 22', the Angle 
APZ; which being ſubtracted from 64 51, the right 
Aſcenſion of Aldebaran, there remains 7 29, the right 
Aſcenſion of Medium Cæli. Add 360 to 7* 29, and 
from the Sum ſubtract the right Aſcenſion of the Sun 
228? 45/, the remainder is 138 44“, which reduced 
to 2 makes 9 hours 15 min, fere, the hour of the 
Night, : | * 


* th. Mt. ** i ** my 


£ 4 2 4 1 —_— 


— 


PR OB LE M XIX. 


The Elevation of the Pole, and the Declination of 


the Sun being given; to find the juſt quantity 
of Twilight, = 


EXAMPLE E. 
In the Latitude 51* 32/, and Declination of the 


Sun 11% 30“ North, what time is it break of Day ? 


In the Triangle OPZ, there is given ZP the Com- 
plement of the Latitude, OP the Complement of the 
Sun's Declination, and OZ which is ↄo' with 187 ad- 
ded, (18 deg. being the Depreſſion the Sun is reck- 
oned to have below the Horizon when Day- light 

rſt of all breaks forth ;) to find the Angle OP. > 


muy 
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5 We 
1 — 0 
| A, 
| / 
5 
W 
8 
e 
ZP 38*2 Sine Ar, Com; 0206168 
OP 78 30 Sine Ar. Com. 0.008807 
©Z 108 oo 2 Sum 112297 Sine 9.965668 
— Dif. 4 29 Sine 8.893035 
Sum 224 58 > — 
— | 1 19.073678 
1 Sum 112 29 33 — 
Co- ſine of 69 52 * Sum 9.536839 
Diff. 4 29 | 


- Doubled is 139 44 = the Ang. OPZ. 


Which reduced into Time mo 9 hours 19 min. 
fere, which is the time of Twilight ending when the 
Sun enters & in the Latitude 51 32' North. And 

ſubtracting 9 h. 19“ from 12 h. there will remain 

2 h. 41 the time of Day-breaking. 

If the Sun have South Declination, then 18* the 
Sun's Depreſſion below the Horizon muſt be ſub- 


tracted from 90%, and the remainder will be the Sun's 
— Diſtance from the Nadir. Thus 
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Thus if the Sun be entring Scorpio, and fo have 
11 30“ South Declination; then in the Triangle 
BSN, we ſhall have the three Sides SN 38? 287, the 
Complement of Latitude; BS the Sun's Diſtance from 
the South Pole, or Complement of his Declination ; 
and BN 72* oO, the Sun's Diſtance from the Nadir 
given; to find the Angle BSN, 


SN 38* 28 Sine Ar. Com. 0.206168 
SB 78 30 Sine Ar. Com. 0o,008807 
BN 72 oo + Sum 94” 29 Sine 9.998669 
— Diff. 22 29 Sine 9.582534 

Sum 188 58 | | agg 
- Sum 94 29 17 „ 
— Co. ſine of 37* 44 9. 898089 


Doubled is 75 28 = the Ang, BSN. 


Which reduced into Time, makes 5 h. 2 min. fere. 
for the time of Day-breakingin the Morning; a 
being ſubtracted from 12 h. there remains 6 h. 58 
min, for the end of Twilight in the Evening. 
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PROBLEM XX. * 


Path 
| The Latitade of « Place, the Sun's place in the Ml + 
4 Ecliptict, and the Time of the Day given; to thro 
IB find what Point of the Ecliptick culminates in the 1 
| the Meridian, the higheſt Point in the Eclip- | 
l tiecl (called the Nonagefima Degree, or goth 7 
| | "Depreeof the Ecliptick) the Diſtante of each of ” - 
| theſe from the Vertex, and the Parallattick An- fo 
| Ale, or Angle which the Vertical Circle makes with 3. 
1 _ the Ecliptick. IS from 
| | E XAMPLE. 3 
| | | | Esel 
| In the Latitude 51* 32/, the Sun's Place I 0.00, Bl ? 
| and the Hour 9 in the Morning, being given; to 
l find the Point of the Ecliptick culminating, the No- 
| nageſima Degree, and the Parallactick Angle, 
1 To delineate this Figure. 6 | 
Having deſcribed the Primitive Circle repreſent- 
ing the Ecliptick, and drawn the two Diameters 
YK =, which is the Equinoctial Colure, and S K ” 
the Solſtitial Colure; next draw the Meridian 
IP thro the three Points, LU the Sun's place, P 
the Pole, and I the oppoſite Point to I : this is cal- ] 


led the proper Meridian. 

Then draw the Parallel ABED called the Path of 
the Vertex, thus: Find the Sum and Difference of the 
Complement of the Latitude 38 28/, and 23* 30 
the Diſtance between the Pole of the Equinoctial P, 
and K the Pole of the Ecliptick ; ſo the Sum is 61" 
58“, and the Difference is 14 58“; ſet the half Tan- 
gent of 6158 from K to A, and the half Tangent of 
14 580 from K to E, the middle of that Diſtance is 

the Center. | e 
VVV Then 
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Ihen at 45 deg. (or 3 hours) Diſtance (the Time 
from Noon) draw the Meridian CBp, cutting the 
Path of the Vertex in B, and the Ecliptick in C and 


in F.. ibi | | 
Thro H B and & draw the Vertical Circle; and 

thro K and B draw the Circle of Longitude, to cut 
the Ecliptick in N; and it is unf norte), © 


1. Cis the Point of the Ecliptick culminating, or 
in the Meridian of the Place, at the given time. 
2. N is the Nonageſima Degree, or higheſt Point 
of the Ecliptick, at the ſame time. | 
| 3, CB, and NB, are their reſpective Diſtances 
from the Vertex of London, at that time. 
4. The Angle N I B is the ParallaQick Angle, or 
Angle which the Vertical Circle makes with the 
Ecliptick, at the ſame time. 


2 


ce 5 Then 
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hen in the right-angled Triangle PSC, 

1. The Angle CP S is the Complement of the 
right Aſcenſion of the Medium Celi, or the Point of 
the Ecliptick in the Meridian of the Place at the pro. 
poſed Time, and being the Time from Noon (When 
Afternoon, added to the Sun's right Aſcenſion, found 
by Problem 2. but when the propoſed Time is in the 
Forenoon, it is ſubtracted) in this Caſe is 77 11', the 
Complement of 12 49', found by ſubtracting (the 
Time) 45? from 57? 49, the Sun's right Aſcenſion, 

2. The Side P is the Complement of the Diſ. 
8 of the Poles of the Ecliptick, and Equinoctial, 
66 30“. | AF 57 eB” 

3. The Side CS is the Complement of C Y, the 
Longitude of the Mid-heaven, or the Point of the 
Ecliptick culminating in the Meridian at the propo- 
ſed time. | i pits: 

4. The Hypothenuſe CP, the Diſtance of the Mid- 
heaven from the next neareſt Pole of the Globe, 
at the ſame time, | 


Then to find the Leg C S, the Point culminating, 
the Proportion is, | 


So t. of the Angle CP S 77' 11 10.643018 


Toto CS fog 4 10.605416 


| Whoſe Complement 13? 56/ is Y C, the place of 
Medium Cali in the Ecliptick. 1. 


Then to find the Hypothenuſe Cy; 
As Rad. to cs. of the Ang. CP S 77 11“ 9.346024 
So ct. PS 66030 | 9.638302 


— — 


To ct. of the Hypothenuſe CP 84 28“ 8.984326 


From 


sum 61 58 *is=30? 59˙ er Ang. RPB 102 49 
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From which take PB the Diſtance of the Pole from 


| the Vertex 38˙ 28/, the remainder is BC, the Diſ- 


tance of the Medium Cel; from the Vertex 46 deg. 

Then in the oblique-angled Triangle PBK, there 
are given, the Side PK, the Diſtance of the two Poles 
23* 300; the Side PB, the Complement of the Lati- 
tade of the Place 38? 28/; and the Angle KPB, the 
Complement of the Medium Celi to 180, or its Diſ- 
tance from , in this Caſe being 102* 49/ : the An- 
gle PKB, the Longitude of Nonageſima Degree from 
the firſt Point of S, and the Side KB, the Comple- 


ment of the Nonageſima Degree's Diſtance from the 


Vertex, are required. - 
Firſt, For the Angle PKB, it will be thus: 
ph 38" 28/ 
PK 23 30 Pe 


— —-U F 


—ů— 


The half is 51 242 


As s. of the half Sum of the Sides 30 59 0.288371 
To s. of half their Diftltf. 7 29 9.114737 
So ct. of half the Angle KPB 51 24 9.902160 


Diff. 14 58 * is = 7 29 


To t. of half the Diff of the oppoſite? ? 
Angles 1125 PPP 8 9.395268 


Ce #4 3205 
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As cs. of half the Sum of the Sides 30 590 0.066358 


To cs. of half the Diff. 7 29 94996285 

So ct. of half the Angle KPB 51 24 9.902160 

To t. of half the Sum of the oppoſite M 

Angles 42 43 $ 9-96 &j a 
The half Diff. add 11 25 


The Sum is the Ang. PRB== 54 od, or SN, 
Subtra& it from 90 oo 


=p 


Remain, is the Nonageſima 35 52 from Y. 


That is, the Nonageſima is 8 32 in . 
Secondly, To find the Side KB. 
As s. of the Angle PKB 54% 08 0.091310 


To s. of the Side PB 38* 38% 9.793832 
So s. of the Angle KPB 102" 49 9.989042 


To s. of the SideKB 48 2 9.874164 


ITbe Diſtance of the Vertex from the Pole of the 

_  Ecliptick, equal to which is the Altitude of the 
Nonageſima Degree, whoſe Complement is 41? 33) 
is NB, its Diſtance from the Vertex. | 


Again, in the right-angled Triangle LNB. 
The Leg N I 24 087%, the Sun's Diſtance from the 
Nonageſima Degree, found by ſubtracting TN 35 
327 from V I 60 deg, and the Leg NB, the Diſtance 
of the Nonageſima Degree from the Vertex, found 
as above, 41“ 33“ given; the Hypothenuſe I B, the 


Sun's Diſtance from the Vertex, and the Parallactick 


Angle N I Bis required. | 


To | 


C 
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| To find the ParallaQick Angle. 


As Radius to s. of N II 24* o9/ 9.611576 
So ct. NB 41" 33 | 10.052428 


To ct. of the Angle NII B 65' x4 9.664004 


Which 65 14 is the Parallactick Angle at the 
Sun. 


To find the Sun's Diſtance from the Vertex 1 B. 


As Radius to cs. Il N 24087 9.960279 
So cs. NB 41 33% 9.874120 


— cc _____ — 


from the Vertex, 9.834399 


To cs. L B 4655, the Sun's Diſtance ? 
But to calculate the Parallactick Angle at the Moon, 
or at a Star, that has Latitude from the Ecliptick, 
will require a little more Labour; as in the next 


We „ 


condly, The Diſtance o 
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n O B LE M XXI. 
The Latitude of the Place, the San 's Place i in the 


Ecliptick, the Time of the Day or Night, and 
the Longitude and Latitude of the Moon, or 


of a Star, being given; to find the Parl. 
lactic Angle at the Moon, or at 4 Gs and 
its Difarce from the Vertex. 

EX AM L E. 


In the Latitude 51 32“ North, the San's Place 


Ido. oo; the Hour 9 in the Morning; the Star 


Capella, whoſe Longitude is 17 49 in Gemini; bis 
Latitude 22 52“ North, being all given: the Parallac- 
tick Angle at the Star, and its p from the 
Vertex are required. 6 


| Firſt, Find the Place of he's Star i in the laſt 8 
and through the Star and the Vertex at B deſcribes 
great Circle. 

For & B is the Star's Diſtance from the Vertex; 
and the Angle K & B the Complement of the Paral- 
lactick Angle required, 
la order to the finding them by Calculation. Firſt, 
Eind the Place of the Nonageſima Degree by the laſt 
Problem, which is & 5 1. tn., . 

the Nonageſima Degree 
from the Vertex, which will be NB 41* 33“ 
Thea in the oblique-angled Triangle *k K F, 


the Side K &; the Star's Diſtance from the next 


Fole ef the Ecliptick, or the Complement of its 
Latitade, which in this Example is 67 08“; the 
Side K B, the Diſtance of the Vertex from the 
{aid Pole, which is equal to the Altitude of the No- 
esel Degree, and is here 48* 27', found by 5 
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laſt Problem; the Angle * K B, the Difference of the 
Longitude of the given Star, and the Nonageſima 
Degree, which in this Example is 41 5%, and is the 
Difference of T N 35" 52, and Ty 77? 49, being 
| all given: to find the Angle K & B, the Comple- 
ment of the Parallactick Angle at the given Star, 
and the Side & B, the Star's Diſtance from the Ver- 
tex. e CEOs h : 


Firſt, to find the Angle K K B. 


R 67 o8/ 
KB 48 27 885 
The A. * KB 41* 57 


sum 113 35 $i 57 47 7 


Diff. 18 41 tis 9 20 2 The half is 20 58+ 
As s. of the half Sum of the Sides $7 47 = 0.072571 
Jo s. of half their Diff. 9 20 = 9.210376 
So ct, of half the Angle x KB 20 58+ 10.416389 


To t. of half the Diff. of the Go—_y 


+ Angles 26* 35 9.699336 

As cs. of half the Sum of the Sides 57 47 + 0.273274 
t, To cs. of half their Diff. 9 20 + 9.994201 
1 So ct. of half the Ang. x KB 20 58 1 10.416389 
e⸗ | | — 


To t. of half the Sum of the o t Me 
- Angles n j 2 " . - 10.683864 
The half Diff. ſubtract 26 35 | 


Tube Diff 51 43=the An. K & R. 


Whoſe Complement 38 10 is the Parallactick 
Angle at Capella. 


Ce4 Secondly, 
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mann To find the Side & B, _e a 


Diſtance. 
As 8. of the A K K B 51 43“ It - 0.105154 
Tos. of the Side KB 48 27 — 9.874120 
So s. of the Angle x KB 41 57 9. $2509 


— 


Tos. of * B, the Star's Diſtance from the 
Vertex 39* 360 . 9 $0436 


Thus have [gone thro the moſt practical Problem 


in Aſtronomy, tho there might be a great many o- 


thers formed; for the whole Courſe of the heavenly 
Bodies, and all their Motions and Eclipſes are ſolved 
by bas mgm nd ſo I ſhall conclude this Chapter, 
and refer my Reader for further Satisfaction to Books 
treating of Aſtronomy. 


CHA? 
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Arithmetical Dialling 


CHAP. VII. 


DEMONSTRATED; 


O R, 


TRIGONOMETRY 


Applied to 
PRACTICE in DIALLING. 


D ALS may be made upon any plain Super- 


ficies, and all plain Superficies have one or 
other of theſe three Poſitions, viz. either Parallel, 


Perpendicular, or Oblique to the Horizon of the 
Place wherein the Plain is ſeated ; and all the Hour- 


Lines drawn upon any Plain are great Circles of 
the Sphere, which being projected upon a plain Su- 
per ficies, become ſtraight Lines. | | 

Now the Art of Dialling conſiſteth chiefly in the 
finding out of theſe Lines, and their true Diſtances 


from each other, which do continually vary, accord- 


ing as the Plains upon which they are deſcribed, or 
E are ſituated in reſpec of the Horizon of 
the Place, © Be. 


1 
2 93; 


- — d — 2 — . 5 r a 
— * — e DI ES . - 
— . — 
8 % 
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HFlom to find the Declination of a Plain. 


' Definition. The Declination of a Plain is the 
quantity of that Arch of the Horizon, which is com- 


prehended between the true North or South Points, 


and a Line drawn perpendicular to the Plain. 
By your Quadrant draw an Horizontal Line up- 
on the Plain, and apply one Side of your Quadrant 
to the ſaid Line, ſo that the Limb of the Quadrant 
may be towards the Sun, holding the whole Quadrant 
as level as you can; and at: the ſame time hold up 
a Line and Plummet at full Liberty by the Limb, 
guiding it fo as that the Shadow of the Thread may 
paſs directly thro the Center: then mind what De- 
gree of the Limb the Thread cuts, being counted 
from the Side of the Quadrant that is perpendicular 
to the Plain, which Degrees are the Horizontal Diſ- 
—_ „ 
At the ſame time (or as near as poſſible) find the 
Altitude of the Sun by your Quadrant, and thereby 
find the Azimuth by Problem the loth of the 7th 
Chapter. Or if it be Collins's Quadrant, you may find 
the Azimuth near enough the Truth by that. | 
When you make your Obſervation of the Sun's 
Horizoatal Diſtance from the Perpendicular of the 


Plain, mark whether the Shadow of the Thread do 


fall between the South Point of the Horizon, and 
that Side of the Quadrant which is perpendicular to 


the Plain. Then obſerve theſe Rules. 


I. If the Shadow fall between them, then the Ho- 
rizontal Diſtance and Azimuth added together, 


make the Declination. And in this Caſe, the De- 


clination of the Plain is towards the ſame Coaſt 
whereon the Sun's Azimuth is. . 


II. If 
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II. If the Shadow fall not between the South Point 
and that Side of the Quadrant which is perpendicular 
to the Plain; then the Difference between the Hori- 
zontal Diſtance and the Azimuth is the Declination 
of the Plain. And'if the Azimuth be the greater 
of the two, then the Plain declines to the ſame Coaſt 
the Sun is upon; if it be the leaſt, then it declines to 
the contrary Coaſt, 


How to find the Reclination of a tüte 


Definition. The Reclination of a Plain, is the 
quantity of an Arch of the Vertical Circle, which 
paſſeth through the Zenith, and cutteth the reclin- 
ing Plain at right Angles. 
To find the quantity of Reclination : Firſt, by 
the help.of. a Level draw an Horizontal Line croſs 
the Plain, and about the middle draw another Line 
at right Angles thereunto; then let ſome Aſſiſtant 
bold à long Ruler upon this laſt Line, and over 
the top of the Plain, till you hold a Quadrant to 
the under Side of the Rule, letting the Thread and 
Plummet hang at free Liberty, and obſerve the De- 
oe by the Thread, which is the Reclination of 


How to know which of the Poles, whether the North or 
South, is to be elevated above any Dial- Plain. 


The Axis, or Stile-of every Dial, lies parallel to 
the Axis of the World; and therefore the two 
ends of the Stile of every Dial directly reſpect the two 
Poles of the World: And conſequently if the South 
Pole be elevated upon any Dial Plain, a Dial made 
on, the back-fide of that Plato, will have the North 
old deventt i; tow bis tf ny gm 


General 
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General Rules. 5065 


1. Upon the Horizontal Plain, in North Latitude, 
the North Pole is elevated, but in South Latitude 
the South Pole. bot fo 66) (HW ry ob 

2. Upon all ere& Plains, whether dire& or de- 
_ clining, if the Plain lie open to the South, the South 
Pole is elevated; but if it behold the North, the 
North Pole muſt be elevated. n 9 | 
3. Upon all dire& Eaſt or Weſt Plains reclining, 
(how far ſoever) the North Pole is elevated; and 

upon all Eaſt and Weſt Incliners oppoſite to them, 
the South Pole. : _ {4 

4. Over all North reclining Plains, whether dire 
or declining, the North Pole is elevated; and over 
4" inclining Plains oppoſite to them, the South 
Pole. Ee 7 

Laſtly, Over all South reclining Plains, whether 
dire& or declining, if the Plain paſs between the 
Zenith and the Pole, the Axis of the Stile muſt have 
reſpe& to the South Pole; and on the inclining Plains 
oppoſite to them, the North Pole: but, if the Plain 
| paſs between the Horizon and the Pole, the North 


Pole; and on the Incliners oppoſite to them, the 
South Pole. . 


SECT. 1 
To dram the Hour Lines upon 4 Vertical (common 
| called Horizontal) Plain. 


Firſt, Draw a right Line NS for the Meridian, 
and Hour-Line of 12, and croſs it with another 
at right Angles EW, for the Hour-Line of ſix, cut- 
ting each other in Z; then upon Zas a G_ - 

: Crib 
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ſcribe the Circle ENWS, repreſenting the Horizon of 
London: Within this Circle project the Sphere, as 
has been taught. 5 r ; | 

Then ſhall the ſeveral Hour-Circles touching the 
plain of the Horizon, give you Points to draw the 
Hour-Lines upon your Dial-Plain by: So that a Ru- 
ler laid to Z, and every of the Points 1, 2, 3, &c. 
11, 10, 9, Cc. where the Hour-Circles touch the 


Horizon, if you draw ſtraight Lines thereby, they 
ſhall be the true Hour-Lines” | 


For the making of an Horizontial Dial, there is 
nothing required to be known, but the Latitude of 
the Place; equal to which muſt the height of the Stile 

z Wherefore take 51* 32' out of your Scale of 
Chords, and ſet it upon the Horizon from Sto A, 
and draw a Line Z A for the Stile. The Sub- ſtile (or 
Line upon which the Stile ſtandeth) is the Meridian, 
or Hour-Line of 12; cad ſo is the Dial finiſhed. 


27 
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By Trigonometrical Calculation. 1 ce 

There is nothing required to be found in this il *. 
Dial by Calculation but the Hour-Diſtances from the 
Meridian: In the Triangle NP. right-angled at N, * 
there is given NP the Latitude of 51 327, and the 


Angle NP a, the Angle the Hour-Circle makes at 
the Pole; to find N a the Hour -Diſtance. Where. 2 
fore the Proportion will be, 3 11 
As Rad. to the s. of the Latitude 512327 9.89374 15 
So is t. of the Angle NP « 15* oO for 8 thi 
one hour Gs . 8 * = 
Tot. of the Hour Diſtance N I oy er” 9.32179 Net 
Again, | : HL 
As Rad. tos. of the Lat. 51* 32/ 9.89374 
So t. of the Ang. NP h 30* oo for 2 hours 9.76144 
To t. of the 2d hour Diſtance Nb 24 19 9.65513 il ;;,, 
After the ſame method you may calculate a Table 
to every quarter of an Hour for any Latitude, mak- | 
ing the Angles at the Pole 3* 45 for the firſt quarter, Fi 
7* 30“ for the half hour, 11715“ for three quarters, on 
: Cc. a 2 „: 
Hours from Angles at Rn 
Noon. | the Pole. 10 0 
e 00 ＋ 3 
| 11 1 15 O0 and \ 
| IO 2 30 00 | W, 0 
8332 05:8 Ar 
8 . 4 | 60 oo liſta1 
F 
| 6 90 OO 
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After you have calculated your Table, upon the 
Center of your Dial with 60 of Chords deſcribe 
1 Semicircle, as ESW ; then by the ſame Scale of 
Chords ſet off the Degrees and Minutes in the third 
Column of the Table both ways from S. Thus take 
11*51' from the Chords, and ſet from $ to ii and 
1; then take 24" 19', and ſet from S to 10 and 2, 
and ſo of the reſt: then. lay a Ruler to the Center 
Z, and to each of thoſe Points, and draw the Hour. 
Lines; and ſet 51 32 from Sto A, and draw 2A 
for the Stile. 7 3 

Thus have you two ways for performing the ſame 
thing, viz. by Geometrical Projection, and by Arith- 
metical Calculation, whereby you may ſee not only 


an agreement of one with the other, but alſo a plain 
Demonſtration of one by the other. 


rr 

How to deſcribe Hour-Lines upon an ereilt direct 
1 . South or North Plain. 

Firſt, Upon a Circle repreſenting the Horizon of 

London, project the Sphere, as in the foregoing Section. 


The next thing is to draw a Line upon your Pro- 
jection, which ſhall repreſent your Plain. 


er, 
ers, 


And here Note, That all upright Plains are te- 
preſented upon the Projection by ſtraight Lines. 

Now, an erect direct Plain, which beholdeth the 
South, mult needs lie in the Azimuth Circle of Eaſt. 
and Weſt ; therefore a right Line drawa from E to 
W, ſhall repreſent your Plain. on ron rs 

And the Point N is the Pole thereof, being go“ 
diſtant from it. e 1 


If 
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If you lay a Ruler to N, and to the ſeveral Points, 
T, 2, 3, Cc. 11, 10, 9, Cc. where the Hour-Lines 
of the Projection cut the Plain, and where the Ru- 
ler cuts the Primitive Circle, make ſmall Marks, as 
*X*X*, Then Lines drawn from the Center 2 thro 
thoſe Marks, ſhall be the true Hour-Lines, | 


Part II, 


— 


E &: oa JAAN 


The height of the Pole above an erect direct North | 


or South Plain, is always equal to the Complement of 
the Latitude : therefore if you take 38? 28' from the 
Scale of Chords, and ſet from S to B, and draw the 
Line ZB, it ſhall be the Stile, which muſt ſtand upon 
the Meridian; and in the South Plain muſt point 
downwards to the South Pole, but in the North Plain 
it muſt point upwards to the North Pole. 


By | 


7 3 
1 y 
5 9 1 


VB. Trigonometrical Calculation. 


There is nothing but the Hour- Diſtances (as in 
the Horizontal) to be calculated. Thus in the right- 
angled Triangle Z P 1, there is given ZP 38728“, and 
the Angle ZP1 15, the Angle at the Pole; to find 
2 1, thus. | 


As Rad. to s. of ZP 38 327, the height . 5 
of the Pole or Stile above the Pains 9.79383 


8 t.of ZP1 15 00, the Angle at N 9.42805 


__—_— 


_ Tot. of 21 95 28, the firſt hour Diſt. 9.22188 


The drawing of this Dial is the ſame as the Hori- 
zontal. For firſt, with 60? of Chords you ſtrike 
the Semicircle ESW ; then from 8 ſet off the Degrees 
and Minutes in the third Column of the Table both 
ways; then lay a Ruler to Z the Center, and to 
each of thoſe Pricks, and draw Lines, which ſhall be 
the trae Hour-Lines. Then from the Line of Chords 
take 38* 28”, the height of the Stile above the Plain, 
and jſet from S to B, and draw ZB for the Stile. 


Angles at Hour-Diſ- 
the Pole. | tances on| . 
e plain. 
5 oo | of? oc | 
11 1 | 15 o 9 28 
10% 24.430 00-4 19 44 
Y .. 3 Lat ß 
8 j&@: oo [47 o8-þ 
T 5 | 75 oo | 66 42 
"17 56: 1 90 O | 90 oO. 


South Pole. The Hours next the Meridian are o. 


s ? $ * 
. | ; PU | 
RE | | f 
WD I 
: : 5 


E 


thro the Poles of the World, neither of the Poles 
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The making of the North Dial is in all reſpeds havin 


the ſame as the making of the South; and the Stile fore t 


has the ſame Elevation above the Plain: all the Dif. ther. 


ference is, that whereas that points downwards to 


the South Pole, this muſt point upwards towards the 7 


mitted, becauſe the Sun can never come upon the Dial 
at thoſe Hours. ” ; 


2 
= 


3. 
the / 
there! 
draw 
the E 
the k 
to th 
4. 
upon 
Circle 
Line 
into 0 
lay a 
Ruler 
** * 
the H 


M | | | 5 


To deſcribe Hour-Lines upon an erect direct Ei 
or Weſt Plain. = 


An Eaſt or Weſt ere& Plain lies in the Azimuth 
Circle of North and South, and ſo paſſes direct 


having 


— {OQ CD ww 


having any Elevation above thoſe Plains; and there- 
fore the Hour-Lines will be all parallel one to ano- 


ther. ee | 


To draw an Eaſt Dial for the Latitaide 2 32> 


1. Near the bottom of the Plain draw an Hori- 
zontal Line DC; then upon C, as a Center, with 60? 
of Chords deſcribe the Arch EE, and ſet the Chord of 
38? 287; the Complement of the Latitude from E to 
F; and draw the Line CF quite thro the Plain: 
which Line will be elevated exactly to the Equinoc- 
tial Circle in the Heavens, and therefore it is called 
the EquinoQial Line, 2 : | 

2. That you may the better proportion your Stile 
to your Plain, and that all the Hours may come on, 
aſſume two Points in the Equinoctial Line, one to- 
wards the end C, for the Hour of 11, and the other 
towards the other end thereof for the Hour 6, as 
the Point H; and thro theſe two Points G and H, 
draw two Lines at right Angles to the Equinoctial 
Line, for the Hour-Lines of 11 and 6. 

3. Upon the Point G with 60? of Chords deſcribe 
the Arch IK below the Equinoctial Line, ſetting 
thereon the Chord of 15 deg. from Ito K; and 
draw the obſcure Line GK, extending it till it cut 
the Hour-Line of 6 in the Point L: ſo ſhall LH be 
the height of the perpendicular Stile ptoportioned 
to this Plain.  ” = 

4. Open your Compaſſes to 60* of Chords, and 
upon L as a Center deſcribe the obſcure Arch cf a 
Circle MN, between the Hour-Line of 6 and the 
Line GL; and with the Chord of 15 deg. divide it 
into 5 equal parts, in the Points © © ©, Cc. and 
lay a Ruler from L to each of thoſe Points, and the 
Ruler ſhall cut the Equinoctial Line in the Points 
*** * *; thro which Points draw Lines parallel to 
the Hour-Line of 6, and they ſhall be the true Hour- 

009-3 Lines 


1 
: : 
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Lines from 6 to 11; and for the Hours before Six, 
they will be the ſame Diſtance as thoſe after 6, there. 


fore take the Diſtance in the EquinoRial Line from ; 


to 7, and ſet it upon the Equinoctial from 6 to ;; 
and likewiſe from 6 to 8, will reach from 6 to 4: and 
Lines drawn thro thoſe Points, and parallel to the 
Hour-Line of 6, ſhall be the Hour-Lines of 4 and 
in the Morning. 
The Stile of this Dial may be a Plate of Iron or 
Braſs, juſt ſo broad as between the Hour-Lines of 
6 and 9; and it muſt ſtand perpendicular upon the 
Hour-Line of 6. But if it be a large Dial, the Stile 
may be a round Rod of Iron with two Supporters 
towards each end; and muſt ſtand in the Hours-Line 
of 6, and muſt be exactly ſo high as the breadthis 


between the Lines of 6 and 9. 


| open 
then t⸗ 
a and 
O to « 
from C 
Otof 
angles 
true N 

Afte 
and qu 


| hour, x 


addiric 
nutes f 


The making of a Weſt Dial is in all reſpects the 
fame as this, only the Line CH called the Equinoctial- 
Line, is drawn from the left-hand Corner, and ſo all 
the Hour Lines the other way; and they muſt be 
numbered the other way too, the Hour of 11 will 
be 1, and 10 will be 2, &c. Or, when you have 


drawn an Eaſt Dial upon Paper, if you draw the 


Lines as they appear thro on the back-fide, you'll 
have a Weſt. Dial. | | | | 
When I make any of theſe Dials, my way is to 
leave out the Hour of 11 or r, and then I have more 
room for the reſt of the Hour-Lines; for that one 


Hour-ſpace takes up almoſt half the Dial-Plain : ſo that 
when it is left out, there is room for the other Hour - 


ſpaces to be divided into halves and quarters; but 
when you put that Hour on, there is no room for 
that, nor ſcarce to ſet the Figures, but they muſt 
be made very ſmall. | 


This Weſt Dial | made by help of the Sector, thus: 


| open my Sector to the Radius of the Stile's height, 


then take off the Tangent of 155, and fet from O to 


and b, and take the Tangent of 305, and ſet from 
O to c and dz and the Tangent of 45? will reach 
from O to e; and the Tangent of 60? will reach from 
O to f: then draw Lines thro theſe Points at right- 
angles to the Equĩnoctial Line, and they ſhall be the 
true Hour - Lines. | 

After the ſame manner you may ſet off the halves 
and quarters, 3? 45” for a quarter, 7? 3o' the half- 
| tour, 11 15/ for three quarters; and by the continual 
addition of 3* 45 you will have the Degrees and Mi- 
tes for every quarter. | | 
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ſeribe the Circle ABCD; then from C towards B 
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Flow to draw Hour-Lines upon an erect North r Angle 
South Plain, declining Eaſt or Wee. * 

Our Example ſhall be of an upright Plain, declinink WW sth p, 
from South, Weſtward zo degrees. An 
Firſt, Draw a Right-Line AB, repreſenting you" Wl c, an 
declining Plain, croſſing it with another Right-Li Ml ©: „ 
CD, at right-angles in Z, making Z for the Zenith plain 
of the Place, and Center of your Dial: upon Z de- Circle. 


{becauſe the Plaig declines Weſtward, but from © 
5g howard 
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towards A if it had declined Eaſt ward) ſet 30 deg. 
the Declination, from C to N, and draw the Line ; 
NZS for the Meridian of the Place; upon which, from 
7 to P, ſet off the Pole of the World, and finiſh your 
Projection, as is before taught, 
| Secondly, Your Projection being finiſhed, and AB 
being the Line repreſenting the Plain, the Points C 

and D will be the Poles thereof, being 90? diſtant 
' therefrom ; then thro the three Points C, P, and D, 

deſcribe the Meridian CPRD paſſing thro the Pole of 
the World, and the Poles of the Plain, whoſe Cen- 
ter will be in the Line of the Plain extended : Then 
find the Pole of this Circle thus, Lay a Ruler upon 
D and R, and it will cut the primitive Circle in a3 
then from @ ſet go? to e, then a Ruler laid from D 
to e will cut the Plain in Q; ſo is Q the Pole of the 
Meridian CPD. | 

There are three Requiſites to be found, before we 
can draw the Hour-Lines; which three things are 


The three things to be found are, 


1. The height of the Pole above the Plain PR: 


Meridian ZP, | | | | 
3, The Plain's difference of Longitude ; or, the 
Angle between the Meridian of the Place NZS and 


LPR. 


All theſe Requiſites may be found by the 7th and 
Sith Problems of Chap. 10. Part. 
And for drawing the Hour-Lines, lay a Ruler to 
C, and to the ſeveral Points 8, 9, 10, 11. and'1; 2, 3, 
Cc. where the Hour-Circles croſs the Line of the 
Plain AB; and where the Ruler cuts the primitive 
Circle, make ſmall marks ** Ce. and Lines drawn 
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all compriſed in the little ſpherical Triangle PZR. 


2. The Deflection, or Sub- ſtile's Diſtance from the 


the Meridian of the Plain CRD, that is, the Angle 


$00 96 from 


M0 * 
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| from the Center Z, and thro theſe marks, ſhall be 


the true Hour-Lines. 


— * R 


A Ruler laid from C to R, will give the Point I, 


whereby to draw the Sub- ſtile ZL. And 322 36“ ſet 
from L to E, will give the Point where to dray the 
Stile ZE, and your Dial is finiſhed, 


57 Trigonometrical Calculation. 


The three fore-mentioned Requiſites, viz. the 
w of the Stile, the Diſtance of the Sub-ſtile 
rom the Meridian, and the Plain's difference of 
Longitude, are all to be found in the Triangle ZPR; 
in which there is given the Side PZ 398? 287, the 
Complement of the Latitude, and the Angle PZR 
go g, the Complement of the Declination, to find 


. The SUle's height aboyg the Plain, PR, 
| 1 Ai 
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As Rad. to s. of Z 385 2% 9.793 83 
80 s. of PZR 65% 00/ the Comp. of Peclin. 9.93753 


Tos. Rr 32 36“ the height of the Stile 9.73136 
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2. The Diſtance of the Sub-ſtile from the Meri- - || 
dian, ZR „ 5 | | 
As Rad. to cs. PZR 60* o the Compl. li, 
of Declination 5 Fad £ 9.59897 mY 
So t. ZP 38* 28' Compl. of Latitude 9.90008 1 
Tot. of ZR 21 40“, the Sub- ſtile's diſt.» , 3 
from the Meridian 8 9.59903 | 


3. The Plain's Difference of Longitude ZPR. 
As s. of 38" 28” ZP, the Compl. of the Lat. 9.7938 3 


To Radius : big n 10. 
So s. ZR 21400, the diſt, of the Sub. ſtile 
from the Meridian 8 £ 9.56727 


— — . 


To s. ZPR 36" 25, the Diff. of Long. 9.77344 | 


From the Plain's Difference of Longitude thus 
found, allowing 15 deg. of the Equinoctial to an 
Hour, and one deg, for four min. of Time, you may 
perceive that the Sub-ſtile will fall between the Hours 
of 2 and 3, for the Difference. of Longitude being - 
more than 30?, and leſs than g5*; wherefore from 
the Difference of Longitude 36* 25, ſubtract 30˙, 
and there remains 6* 2; the Diſtance of the Sub- ſtile 
from 2 a-Clock : and ſubtracting 38 25), the Plain's 
Difference of Longitude, from 45? oo, there re- 
mains 89 25“, the Equinoctial ** of the 3 a- 
Clock from the Sub- ſtile: then by adding 15 deg. to 
each of the Remainders, you have the next Equi- 

| | noctlal 
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noctial Diſtances of the Hours 1 and 4 and ſo by a 


continual addition of 15 deg, you get all the Equi- 
noctial Diſtances or Angles at the Pole, as you ſee 
in the ſecond Column of the Table. Then to find 
the Hour-Diſtances from the Sub-ſtile, in the Tri. 


angle RP 2, there is given RP 32" 36%, the height of 


the Pole or Stile above the Plain ; and the Angle at 


the Pole 2 PR 60" 25/; to find the Diſtance of the 
Four - Line from the Sub-ftile 2 R. 


As Rad. to s. of the height of the Stile) 
above the Plain RP 32% 36/ : 9.73140 
So t. of 2 PR6* 25 the Angle at the Pole 9.05 101 


| Tot. of 2 R 3 28, the diſt. of 2 a Clock 
from the Sub-ſtile, | 


Then in the Triangle 1 PR, having PR 32 36, 
and the Angle 1 PR 21” 25 the Angle at the Pole, 
you may. find 1R11* 567 by the ſame Proportion: 
and ſo you may find all the Hour-Diſtances from the 
— as you ſee in the third Column of the Ta- 

e. | | 
If you lay the Chords of the Numbers in the 


third Column from the Sub-ſtile, you will find them 


to fall in the Points of the Hour-Diſtances ** *, 

And the Chord of 217 4o' being ſet from D to I., 
gives the Point to draw the Sub-ſtile by, and the Line 
ZL is the Sub-ſtile, | 


And the Chord of 32* 40' (the Stile's height) ſet | 


from L to F, gives the Point to. draw the Stile by, 
and the Line ZF ſhall be the Stile, | 


Hours 


— — : 


2 8.78241 
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Hours for] The Angle: Hour Di 
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How to draw Hour-Lines upon 4 South or North 
Plain, which declines many Degrees towaras the 


Eaſt or Wes. 


If a Plain declines many Degrees from the North 
or South towards either Eaſt or Weſt; altho the 
Requiſites may be found, and the Dial made in all 
reſpects as the former Dial in the laſt Section; yet 
by reaſon that the Pole of the World will have 
but ſmall Elevation above ſuch a Plain, the Hour- 
Lines will fall ſo cloſe together, that there will be 

| - a 
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no competent Diſtance between them, without ex- 
tending them out to a great length, as the Antients 


_ uſed to do; who uſed to draw ach a Dial upon the 


Floor of a Room, and then extend out the Hour- 
Lines, Stile, and Sub-ſtile, till they-ſpread themſelves 


to a competent Diſtance; and then cut the Dial off, 


Stile and all, and transfer it to the Plain. But this 
is no artificial way, and therefore I will ſhew how to 
draw ſuch a_ Dial Geometrically, having no regard 


to the Center of the Dial. 


You muſt firſt find the Requiſites Trigonometri- 
cally, as was ſhewed in the laſt Section, viz. The 


height of the Stile above the Plain; the Diſtance 


of the Sab-ſtile from the Meridian; and the Diffe- 
rence of Longitude. 


Suppoſe an upright Plain i in the Latitude 53" TY 
declines from the North, Weſtward 81 455 | 


x. For the Stile's height. we „ 
As Rad. to cs. of the Latitude 53 15 9.77694 
So cs. of the Plain s Declinat. 81 45 9.15683 


| To s. of the Stile's height = . 56 3.53375 


2. For the Sub-ſtile 8 Diſtance from the Meri- 


dian. 
As Rad. tos. of Declinat. 81 4% 9.99548 
So ct. of the Latitude Ko 9.873 10 
To . of 36? 280 the Deflection 9.86865 
3. For the Plain? 5 Difference of Longitude. | 
As s. of the Latitude 530 15˙ 5 & via, % 
To Radius ot 0% >: 
Sot, of Declination 81 45 reit! es 


To t. of the Diff, of Long. 84 27 | 10934838 
| E 


The next thing we ſhould do is to calculate the 
Hour · Diſtances: but becauſe the Stile bas ſo little Ele- 
vation, the Hours near the Sub- ſtile will be very 
near together; wherefore we ſhall ſhew a Geometri- 
cal way to draw this Dial, and that without havin 


any regard to the Center of the Dial, as followeth, 


1. Draw a Right-line AB perpendicular to one 
Side of your Plain, which muſt be towards the 
Right, if the Plain's Declination be South-Eaſterly, 
or North-Weſterly; but the contrary Declination 
towards Left-hand: then with 80 deg. of Chords 
upon A as a Center (which muſt be towards the top, 
if the Declination be from the South, but towards 
the bottom when it declines from the North) de- 
{cribe the Arch CE; and upon it ſet CD 36* 287“ (the 
Diſtance of the Sub-ſtile from the Meridian) and ſet 
the height of the Stile 4* 56“ from D to E, and 
draw the Lines AD for the Sub-ſtile, and AE the 
Stile. . 


2. Then (becauſe the Stile has but ſmall Eleva- 


tion) draw another Line GH, parallel to the Line 
of the Stile AE, at ſuch convenient diſtance as you 
think fit; which ſhall be the augmented Stile. 

3. Aſſume any two Points in the ſab-ſtilar Line 
AD, at ſome convenient Diſtance from each other, 


as Rand S; and thro thoſe two Points draw two 


Right-Lines, both of them at Right-angles to the 
ſub-ſtilar Line AD, as the Lines ZZ and XX. 


4. From the Point R, with your Compaſſes take 


the neareſt Diſtance to the new augmented Stile GH, 
and ſet that Diſtance upon the Sub-ſtile from R to R. 
Alſo from the Point S take the neareſt Diſtance to 
the new augmented Stile GH, and ſet that Diſtance 
alſo upon the Sub-ſtile from S to L. 1 5 

5. Upon theſe two Points K and L with 60 deg. of 


Chords deſcribe two Semicircles, and in each of 


them ſet off 83* 22 the Plain's Difference of Lon- 
Of . | gitude; 
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as Fer Part Il. C 
gitude; as from R to M, and alſo from 8 to M; 


both of them on the ſame Side of the ſub-ſtilar Line 8 
on which the firſt perpendicular Line AB was drawn. 
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6. Divide each of thoſe Semicircles into 12 equal 
Parts, beginning at the Point M, with 15 deg. of 


the Line of Chords, as the Points © © ©, &c. : 

_ 7. Lay a Ruler to the Point L, and the reſpec- dep 
tive Points © © ©, Cc. in that Semicircle, and the Pla; 
Ruler will cut the Line XX in the Points , &c. oft 


Alſo lay a Ruler to K, and the ſeveral Points © © 
| FE ©, Cc. 


ſeveral Points X* ®, &. | 
Laſtly, Lines drawn from the firſt Point * in the 
Line ZZ, to the firſt Point * in the other Line XX, 
(0 . Sub- ſtile will direct you how to do) thoſe 
Lines ſo drawn ſhall be the true Hour- Lines pro 
for the Plain, and be at a competent Diſtance one 
from another, without having any relation at all to 
the Center. rr Eo, 7 
Now in making of this Dial, you have made four 
Dials, viz. % e Sight © Je 27 


i f 
— 4 # £ 
2 c * i 
: ; 


South declining Weſt ) 
South declining Eaſt 
North declining Weſt 
North declining Eaſt 5 


4 f 


1 
8 9 94 10 
* - - 

5 y 


8% |} 
only by changing the Names of the Hours, and plac- 
for the North declining Eaſt; and by turning of 


cliners; ſo that the Stile may point downwards to 
the South Pole. e 


1 * # F ; | | ; ; : | 
„ # / 2 = | . a 4 
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| How to draw the Hoar-Lines upon a direct East, 
or Weſt reclining Plain. 


1. By Projection. 85 


Suppoſe an Eaſt Plain recline from the Zenith 38 
deg. in the Latitude 51* 32/.. As in all upright 
Plains whether dire&, or declining, the Meridian 
of the Place and Hour-Line of 12, 5 always perpen- 
dicular to the Horizon; ſo in all direct Eaſt and 
N | Weſt 
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©, Ce. and the Ruler will cut the Line ZZ in the 
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ing the Stile on the contrary Side of the Line AB, 
the Dial upſide downwards, for the two South de- 
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Weſt reclining, or inclining Plains, the Meridian 
of the Place, and Hour-Line of 12, is parallel to 


the Horizon, 5 n 5 
| 3 10 2 To make the Dial. 4 
Firſt, Draw a Right-line NZS repreſenting the 
Baſe of your reclining Plain, and Hour-Line of 12. 
Upon Z deſcribe a Circle, and draw the Diameter 
WE, to cut the Line NS at Right-angles in Z. Up. 
on Z deſcribe a Circle; and upon the Meridian-Line 
NS, ſet off the Pole of the World from Z to P, an- 
ſwerable to the Complement of the Latitude of the 
Place, and finiſh your Projection as you have been 
taught. %ͤͤ 5 
Secondly, Becauſe the Plain reclines 38 oo, take 
38 deg. out of half Tangents, and ſet from Z to O; 
and now have you three Points N, O, and 8, where. 
by to draw your reclining Plain, the Secant Comple- 
ment of 38" is the Center; the Circle NOS being 
drawn, you may find the Pole by ſetting the half Tan- 
nt of the Complement of 38* oo from Zto Q, ſo 
is Q the Pole of the Plain; then thro P the Pole of 
the World, and Q the Pole of the Plain, draw an 
Arch of a great Circle, which will cat the reclining 
Plain at right-Angles in R. Now part of an Arch 
of the Circle RP, part of the Meridian NP, and 
part of the reclining Plain NR, do conſtitute a ſphe- 
rical Triangle NR, right-angled' at R. And out 
of this Triangle may all the Requiſites belonging to 
this Plain be found, vix. | | l 


1. The height of the pole above the Plain PR. | 

2. The Diſtance of the Sub-ſtile from the Meridian 
3. The Plain's Difference of Longitude, the Angle 
© Firſt, You muſt find the Pole of the Meridian of 
the Plain, which will alwaysbe where the Cirdegf the 
x 55 | ain 
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plain cuts the RquinoQtial Circle, as it doth i in A; and 
the : 
Your may find. all theſe Requilites by the 7th and 
8th Problems of Chap. 10. Part 1. : 
The Hour-Lines in this are drawn after the ſame 
manner as in the former Dials; for lay a Ruler 
from Q the Pole of the Plain, and the ſeveral Points 
where the Hour-Circles cut the Plain, and make 
marks upon the primitive Circle; then lay your Ru- 
ler to Z and the ä . and draw the Hour- 
Lines. a | | 


2. By Ti rigonemetrical — 


Firſt, Find the Requiſites from the Triangle NR P. | 
I. For the height of the Pole above the Plain PR. 


As Rad. to s. of the Latitude $1 % 9.89374 
So s. of the Plain's Reclin. NR 38 00 98. 78934 


Tos. of RP 28 49', the height of the Stile, 9. 6 8 308 


* 2. For the Sub- ſtile's Diſtance from 9 Meridian i | 
Ne: 5 


As Rad. to t. of NP $1 32/ the Lat, 10.099913 
So iscs, of Reclination PNR 38? 00 9. 896 332 


To the t. of NR 44? 46' the Deflection 9.996445 
8 guck the Plain? 8 Difference of Longitude 


Nek. 
* of the Latitude NP 51 38% 3 IE 
To Radius 10. 
So s. of the DefleQion NR 44 46 9.84771 


To s. of the Ang, NPR 1 o5 ' Diff Long. 995397 
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The next thing is to find the Hour-Diſtances, 

thus: The Difference of Longitude being 64 of, it 
is four Hours (allowing 15 deg; to an hour) and 
4 5' remains; wherefore the Sub- ſtile muſt ſtand be. 
tween the Hour-Lines of 4 and 5, between which 
Hours write Sub- ſtile; and becauſe the remainder is 
4 5', when four Hours are ſubtracted, write 4* F; 
above Sub-ſtile in the ſecond Column, againſt 4 and 
8; and if 4 5 be ſubtracted from 15 deg. the re- 
mainder will be 10 5 which write under Sub- ſtile 
againſt 5 and 7 : then by a continual addition of i; 
deg. to each of theſe Numbers you will have the Equi- 
noctial Diſtances, or Angles at the Pole belonging 
to each Hour, as in the ſecond Column of the Table. 
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Then to find the Hour-Diſtances : The Arch PR 
with the Hour- Circles, and Hour- Diſtances upon the 
Arch of the Plain, make ſeveral right-angled Tri- 
angles, wherein xhere is given PR 28” 49', the height 
of the Pole above the Plain, and the Angle at the 
pole, as in the Triangle 8 RP. the Angle at the Pole 
is o; to find the Hour-Diſtance 8 R, ſay, 


As Rad. to s. PR 28% 49 . 9.683055 
So t. 8 P RA o, the Angle at the Pole 8.853628 


aL Op I 53 the Hour-Diſt. from 2 8.536683 
After the ſame manner you may find all the reſt 


of = Hour - Diſtances, as in the third Column of the 
able. ä | 
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The drawing of this Dial by the Numbers in the 
Table is the ſame as in the former Dials; for you 


muſt ſet off the Diſtance of the Sub- ſtile 44? 36“ from 


N to F, and the height of the Stile 28749“ from E 
to L; and draw ZF for the Sub- ſtile, and ZL the Stile. 
Then ſet the Hour-diſtances from F the Sub- ſtile 
to the ſeveral Marks * * *, & c. and lay a Ruler from 
Z the Center to each of thoſe Points, and draw the 
Hour-Lines. | 3 

If thoſe Hour-Lines, Stile and Sub. ſtile be drawn 


thro the Center, (as you ſee the prick'd Hour-Lines 


are) you'll have a Weſt Incliner; and if Lines be 
drawn upon the back-ſide of the Paper anſwerable 
to thoſe on the for e- ſide, you'll have a Weſt Recliner 
and an Eaſtaucliner. | 


ct 


SECT. mL 


| How to draw Hour Lines upon direct South reclin- 
| | ing Plains. 


The firſt Variery, reclining equal to the Pole. 


Of theſe Plains, there are three Varieties : For, 


firſt, the South Plain may ſo recline, that it may 
fall juſt into the Pole, and that is when the Recli- 
nation of the Plain is equal to the Complement of 
the Latitude of the Place. Over ſuch a Plain the 
Pole hath no Elevation, and therefore the Dial has 
no Center, and all the Hour-Lines muſt be parallel; 
and the making of this is the ſame as the Eaſt or 
Weſt ere& Dials were; only, the Stile in thoſe 
Dials ſtands upon the Hour 6, in this it muſt ſtand 


in the Hour-Line of 12. And the Equinoctial-Line 


ia this is an Horizontal-Line. 
| on 8 
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| The ſecond Variety, South reclining leſs than the 


Pole. 


Having drawn a Circle, and croſſed it with two 
Diameters, SN for the Meridian, and WE for the 
prime Vertical Circle, and Hour of fix, within this 


Circle project the Sphere, and finiſh the Dial as before 


taught. Es 
Suppoſe in the Latitude 51 30/, a Plain reclines 
from the Zenith 25 deg. e | 


Op. Cl By Projection. > 
Set the half Tangent of 25 deg, the Reclination 
from Z to R, and draw the reclining Plain thro W, 


R, and E, and find Q the Pole thereof: The Plain 


you may ſee in the Projection paſſes between P the 


Pole, and Z the Zenith, therefore the South Pole is 


Ee 3 | = 


422 Of Dialling. © Part II. 
elevated above the Plain and to find how much, ſb. 

tract ZR 25 the Reclination from ZP the Com ple- 
ment of the Latitude 38* 28/, and there remains R 
13* 28”, tho height of the South Pole above the Plain. 
Draw the Hour-Lines from the Projection, as in for- 
mer Dials was done. 


: 2+ By. Trigqnometrical alext ation. 3 
There is nothing beſides th e ance: to 


en uſed i former Diels vs 


As Rad, to the «of bn 135 
Stile's h N 


' Soi ist. of ebe, Angle at the Pole 
| Tot, ofthe Hour-Diftauce 3 on 


| | And by ind the Work you May find the rel 
of nne Column of che 


1 ble. 


„ „„ „„ 


< +» woolen - 
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5 Hours from nk at 


| ik the Reelias den "in Loch that the Pole has but 
{mall elevation above the Plain, it will be the beſt 
way to draw the Dial without a Center, as is ſnewed 


in the 5th Section; en the Lins AB H the 
gute 
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Hour-lige of 12; then upon A, with co deg. of Chords, 


. - .- deſcribe the Arch CD, and from C ſet 3* 28“, the 


height of the Pole above the Plain, and draw AS, and 
parallel to it draw EF the augmented Stile; then 
draw the Lines XX and ZZ at right Angles to AB; 
then take the neareſt Diſtance from G to the avg. 
mented Stile, and open the Sector to that Radius, 
and take out the Tangents of 15, 30% 45˙, 60, and 
75, and ſet them both ways from the point G upon 
the Line XX; then take the neareſt Diſtance from 
the point H to the augmented Stile; and open the 
Sector to that Radius, and take out the ſame Tan- 
gents, and ſet both ways from the point H upon the 

Line ZZ; then draw Lines from each point in one 
Line thro its correſpondent point in the other Line, 
and thoſe Lines ſhall be the true Hour. Lines. 
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| The third Variety, South reclining more than the 
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1 ö hs, 4 F F | 


e Fe 
[+1 RJ. RE / /- 7 5 
Having drawn the Projection, and in that the Cit- 
cle ER W repreſenting the reclining Plain, which 
you may perceive falls between the Horizon and the 
Pole; therefore to fiud how much the Pole is eleva- 
ted above the Plain, you muſt ſubtra& ZP, the Com- 
plement of the Latitude 38" 28', from ZR 70 deg. the 
' Reclination. of the Plain, and the remainder is PR 
| 31* 32/, the elevation of the Pole above the Plain. 
The drawing of this being the very ſame as the 
former, I ſhall ſay no more about it: Only ſet 
don the Table, and the Figure, which will be ſuf 
cient to the ingenious. | *' : | 
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SECT. vn. 


| How to draw Hour-Lines upon dirett North re re. 


clining Plains. 


of theſe kind of Plains there are three Varieties, 
as there were of South Recliners: For, (1.) The 
Reclination may be ſuch that the Plain may juſt lie 
in the Equinoctial Circle, Or (2.) It may recline 


ſo, that the Plain may _ between the Zenith and 


the 1 Circle. * ) The Plain may re- 
cline fo, as to fall between t FIT + and the 
Horizon, 


— — — — 


Tube 2 Variety ; North reclining equal to the 


 Equinottzal. 


e a | North Plain, N from the Zenith 
$1* 32/, in the Latitude 51? 3 


The drawing of this Dial I very eaſy; p for you 
need but deſcribe a Circle, and divide it into 24 oy 
parts, and lay a Ruler to the Center Z, and eac 
thoſe parts, and draw Lines which ſhall be the true 
Hour-Lines. 


The Stile muſt be a Wire ſet perpendicular in the 
Center Z. 


a. 


Part I 


A 


E- 


„ 


o I ; 
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The ſecond Variety; North reclining leſs than the 
Te WE Te cainoflial. * 5 


1 I. By Projection. 
i i —_ a North Plain, 1 from the 
Zenith 25 deg. Having projected the Sphere, and 
deſcribed the Circle ERW repreſenting the reclin- 
ing Plain, which you may ſee paſſes between the 
Zenith and the Equinoctial; then the height of 
the Pole above the Plain is the Sum of PZ 38* 29/, 
the Complement of the Latitude; and ZR 25 deg. 
tie Reclination, which is 63 28/, equal to RP. | 


. 
4 
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| Of Dialling. 


2. By Trigonometrical Calculation. 9 


Part II. 


There is nothing to calculate but the Hour-Diſtan- 


ces from the Meridian, 


ral Proportion, thus. hm a 


As ad. to s. of PR 63 297, the Stile's 
gat | 
So t. of 15 deg. the Angle at the Pole | 


To t. of 13* 25 the firſt Hour dift. 


hei 


which are Bend by the gene- 


8 9.951665 
9.428052 


9.379717 


The like muſt be done for all the reſt, and ſo ſhall 
produce ſach Numbers as are in the third Co- 


| 


lamn of the Table. 
The Stile muſt ſtand upon the Meridian Line NZ, 
making an Angle of 63 280 therewith. 


: Stile's Height 63 „ 


Hours fromjAangles at| tiour-Uit- 
Noon. | the Poles.] tances on 
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The third Variety ; North reclining more than the 


Equinoctial. 


Suppoſe a North Plain in the Latitude 51“ 32, 
ſhould recline from the Zenith 70 deg. 
Having projected the Sphere, and therein drawn 
the Circle repreſenting the reclining Plain ERW, 
whoſe Pole is Q, you may perceive in the Projec- 
tion that the Plain paſſes between X the Equinoctial, 
and S the South part of the Horizon; and to find 
the height of the Pole above the Plain, we muſt add 


ZP 38* 28', the Complement of the Latitude, and 


ZR the Reclination 70 deg. together, whoſe Sum is 
108” 28“. But the height of the Pole above the Plain 
can never exceed go deg. wherefore the Complement 
of 108* 28' to 180 is 71? 32/, the true height of the 
Pole, or Stile above the Plain. The reſt of the 
Work is the ſame as in the laſt, 1 
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SECT. IX. 


How fo draw the Hour-Lines upon Soath declin- 
it reclining Plains. 


Of South direct reclining Plains, there were three 
Varieties, ſo are there as many of South Recligers 
which decline alſo; for to any Declination, the Plain 
may recline ſo, that it may paſs thro the Pole of the 
World. Or Secondly, It may recline ſo, that the 
plain ſhall fall above the Pole, and fo fall between 

the Zenith and the Pole. Alſo, Thirdly, It may ſo 
recline, that the Plain ſhall between the Pole and 
the Horizon, Of all which Varieties 1 ſhall give a 
particular Example. 


„ © he 


The fir pong; Of South declini - reclimil 
5 The Plain Nalirg thro the e Pole. 


105 * By Projeftion. bs lr 


e VE 


An Bram e ſhall. be of a South Plain declining 
35 deg. Ea ward, and reclining from the Zenit 
33" 03" 


Firſt, Draw a right Line AB, repreſentiag the 
Baſis. of your recliaing Plain, and "croſs it with ano- 
ther Line CD, at right in the point Z. | 
3 Upon Z deſcribe a Circle, and in it 
from 'C towards E (becauſe the Plain declines Eaſt- 
cee ſet 35 deg. the Declination of the Plain to N, 
raw tho Eine NZS for the Meridian of the Place, 

pon whieh from Z to P, ſet the half Tangent 385 


8, th the Complement of the 3 and iſh the 
krojection. | | 


| Thirdly, | 


oe 

Thirdly, Take the half Tangent of the Recli- 
nation of the Plain 337 03“, and ſet it from Z to 
R upon the Line CD, fo have you three Points 
A, R, and B, by which to draw your Plain; and 


ſet the Secant 56* 57 (the Complement of Reclina- 


tion) from R upon the Line CD, and it will give 

the Center; and the half Tangent of 56“ 57' ſet 
from Z will give you the point Q, the Pole of the 
Plain; thro Q the Pole of the Plain, and P the Pole 
of the World, draw the Arch of a Circle (by Problem 
4. Chap. 10. Part 1.) And now ſeeing the Plain paſſes 
juſt thro the Pole of the World, therefore the Pole 

ath no Elevation above it, and conſequently the 
Hour-Lines muſt be parallel one to the other. But 
before you can draw them, two things muſt be found. 


2, The Diſtance of the Meridian from the Ho- | 


rizon PB. 


2. The Plain's Difference of Longitude, the Angle 


ZeQ, 


Both which by the Projection is thus found: 
A Ruler laid from Q to P, will cut the Circle in a, 
and the diſtance a B meaſured upon the Chords will 
ive 70? 1o', for the Diſtance of the Meridian from 
e Horizon; and the Arch S b meaſured upon the 
Chords will be 28* 45', for the Plain's Difference of 
Longitude. = TE 
Theſe things being found, the Dial muſt be drawn 
Geometrically, not much differing from the direct 
Eaſt and Weſt, and EquinoQial Dials. 5 


2. By Trigonometrical Calculation. 


1. To find the Diſtance of the Meridian from the 
Horizon PB. In the right-angled ſpherical Triangle, 
PRZ. right-angled at R, there is given, ZP 38" 25 
the Complement of the Latitude, and the 5 


Firſt 
ſenting 
conſide 
to be, 
Poſe ZI 
ſetting 
demicir 
ſet 69? 
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the Sub 

Secar 


Longity 
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RZP 35 deg. the Plain's Declination, and if you will 7 
RZ 33 03' the Plain's Reclinations : z to find RP, i 
the Complement of the Meridian's Diſtance from the 1 
Horizon. Thus, | 


1 
my . „ 
wy — 1 
— 


As Rad. to s. PZ, 3828 „ : ano. 
80 s. RZP 35 deg. the Plain's Declinat. 975859 


Tos. RP 20 54 1 9 55242 


The Complement whereof 69? 967 is the Arch PB, 
the Diſtance of the Meridian from the Horizon. 


2. For the Plain's Difference of Longitude ZPQ. 


As s. of PZ 38* 28' the Compl. of Lat. 9.79383 
Is to Radius . 
So s. of ZR 33503“ the Plain s Reclinat. 9.7 3669 


To s. of Z PR G1. 15 ” 9.94286 


Whoſe Complement 28 45/ is the Angle "OM the 
Plain's Difference of Longitude. 


Tbe Sari Projection of this Dial. 


Firſt, Draw a Line at pleaſure, as AZB, repre. 
ſating. the Horizontal Line of the Plain. Then 
conſidering what length you would have your Stile 
to be, anſwerable to the bigneſs of your Plain; ſup- 
poſe ZD, take that Diſtance in your Compaſſes, and 
ktting one foot in Z, with the other deſcribe the 
demicircle ACDB, upon which, with a Line of Chords, 
ſet 69 06&/, the Piſtance of the Meridian from the 
Horizon, from A to C, and draw the Line ZCE for 
the Sub-ſtile. 

Secondly, Take 28 45), the Plain's Difference of 
longitude, and ſet from C 7. D, and thro the Point 

F | 


2 


* 


434 ( Dialling. 
C draw the Tangent Line FG at right- angles to the 


Sub- ſtile. 


Part II. 


Fi! 
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unto, 
anott 


Chap. 8. Of Dialling. TT 
Thirdly, With 15 deg. of Chords divide the Se- 
micircle ADB into 12 equal parts; and lay a Ruler 
to Z and each of thoſe Points, and make Marks by 
the edge of the Ruler upon the Tangent Line, and 
thro thoſe Marks draw Lines parallel to the Sub-ſtile, 
which ſhall be the true Hour-Lines. 


th 2 * PT” 4 
— r 
— 


— 


The ſecond Variety : Of South declining reclintng 
Plains; the Plain paſſing between the Pole and 
the Zenith. = 


Is By Projection. | 


Let us ſuppoſe a Plain to decline from the South 
Eaſtward 35 deg. and to recline from the Zenith 18? 
1 ö - | 
Firſt, Draw a Line AB, for the Baſe of the re- 
cllaing Plain, and another CD, perpendicular there- 
unto, for the Vertical Line of the Plain, croſſing one 
another at Right-angles in Z. 

Secondly, Upon Z deſcribe a Circle, and ſet 33 
deg. the Declination from A to E, and from C to 
S, and draw E W for the prime Vertical Circle, and 
SZN for the Meridian of the Place, and finiſh the 
Projection as before taught. | 

Thirdly, Out of the Scale of half Tangents take 
18 30/, the Reclination of the Plain, and ſet it from 
Zto H, upon the Line CD; and ſet the Secant of 
71' 30/ the Compl. of Reclination downwards from 
H, and it will give the Center whereby to deſcribe 
the reclining Plain AHB; and the half Tangent of 
71* 3o/ will reach from Z to Q the Pole of the Plain, 
then thro Q the Pole of the Plain, and P the Pole of 
the World, draw the Arch of a great Circle RP, 
by Prob. 4. Chap. 10. Part t. 5 


Ff 2 — ne 


436 5 07 Dialling. 5 Part II. 

The next thing is to find the Requiſites belonging 
to the Plain, which in all declining reclining Plains 
(excepting ſuch as paſs thro the Pole of the World, 
or by the inter ſection of the Meridian and Equinoc- 
tial) are Four, wiz. 


1. The Diſt. of the Mer. 'r 3 
and Horizon | e ä 
2. The 180 . the = [ the 
Pole or Stile above the. | 1 | 
Plan \ repreſent. | PR 13 24 + 
3. The Diſtance of the | 1 OR Pla 
_  Sub-ſtile from the Mer. Hay * 5 
4. The Plain's Diff. of 5 
oo. ᷑ . En 


! OPR 34 02 


And all theſe may be found by the Projection, by 

Prob. J, 8. Chap. 10. Part 1. | = | 

Having found the Requiſites, the Hour-Lines are 
drawn after the ſame manner as in other Plains. 


2. By Trigonometrical Calculation. 


By the Interſection of the Circles of the Sphere 
with the great Circles of the reclining Plain, there 
are conſtituted ſeveral ſpherical Triangles; but e- 
ſpecially two: By the reſolving of which all the 
foremention'd Requiſites may be found: The two 
Triangles are HOZ, right-angled at H, and OPR 
right-angled at K. „„ 55 


1. For the Diſtance of the Meridian from the Ho- 
V | + 8 


Ibis will be found in the right-angled Triangle 

_ HOY, in which is given HZ 18? 300, the Plain's Re- 

clination; and the Angle HZO 35 deg. the Plain's 
Declination; to find the Side HO. : 

» LY 0 I 
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As Rad. to s. ZH 18? 30, the N 9.50148 
So t. of HZO 355 O0, the Declination 9. 84523 


Tot. of HO 12' 32/ | 9.34671 


| Whoſe Complement 77 _ 2$/, is the Diſtance of 
the Meridian from the Horizon BO. 


2. For the height of the Pole or Stile above the . 
Plain PR. 


This muſt be found 1 in the Triangle POR, but in 
it there is not yet enough given; wherefore ZO muſt 
be firſt found in the former Triangle HOZ, thus. 


As s. of HZO 35 00', the Declinat. | 9.75859 


To s. of HO 12? 32" | 9.33647 
So 8. of ZHO go 5 AO. 
To 8. of OZ 22” 14 = 6.57788 


Which ſubtracted from ZP 382 28/, there remains 
16114“ for the Side OP, in the other Triangle OPR: 
N And now ſeeing the two Triangles have the ſame 
- Angles at the Baſes, viz. the Angle ZOH, and ROP, 
) and therefore are ſimilar, and the Sines of the Hy- 
\ pothenuſes and Perpendiculars are proportional (by 
Axiom 1. Chap. 7. Part 1.) you may work with both 
Triangles together to find PR, thus. ” 


As. of 7O 22 14/ Hypoth. 0.42212 
ag of ZH 18 30 eee Fin Thi. HOZ Þ 50148 
0 S. Ot PO 16 14 Hypot 9.44646 
Tos. of PR 1 3 34 Peryand. Fin” Tra ron 582056 9.37006 
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3. For the Diſtance of the Sub-ſtile From the Me. 


ridian OR. = 
In the Triangle POR, there Is given the Side PO 
16*14', and the Side PR 137 34 to find OR. 


As cs. of FR I3* 34 | | 9.98771 
To Radius es, oo 
So cs, of PO 16.140 9.98233 
To cs. of OR o oo, the Diſt. of the 

Sub-ſtile from the Merid. 2 9:99 * 


4. For the Plain's Difference of Longitude OpR. 
As s. of PO 16*14/ 9.44646 
Tos. of PRO oo? | 10, 

80 s. of OR g* oo „„ OI T0433 
To s. of the Angle OPR 34 02 9.7478) 


Which is the Plain's Difference of Longitude. 


The next thing you ſeek is the Hour-Diſtances p- 


on the Plain. 

The Plain's Difference of Longitude being 34 oz, 
which is two Hours, and 4. O2“ remains; whereforc 
the Plain declining towards the Eaſt, the Sub-ſtile 
falls between the Hours of 9 and 10 in the Fore- 
noon : wherefore write Sub-ſtile in the Table between 
the Hours of 9 and 10; and below the Sub-ſtile a- 
gainſt the Hour 10, write 4 02 in the ſecond Co- 
lumn; ſubtract 4 o from 15*, and there remains 
10587 which write above the Sub- ſtile againſt the 
Hour 9 ; then by a continual addition of 15, you will 
(rang the Numbers in the ſecond Column of the 
Table, which are the Equigoctial Diſtances or An- 
les at the Pole, . 
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N. B. Obſerve in making up the Numbers in the 
ſecond Column, that the Number which falls againſt 
the Hour 12, is always the ſame as the Plain's Diffe- 
rence of Longitude, if you have committed no Error. 


Then by the general Proportion. 
As Rad, to s. of PR 13” 34/, the Stiles 


So t. of 4 o, the Angle at the Pole 8.84826 


Latitude - 5 1 22 
Declination „ 
Reclination 18 301 
Diſt. Merid. and Hor. 77 28 | 
Stile's Height | 13 34 
Deflection 9 oO 
Diff. of Longitude 34 02 


Hours from Angles at | Hour-D11- 
Noon. the Pole. tances. 


—— — — CS 


height $ STR: 


To t. of the Hour-Diſtance 0? 57 3.2 1832 | 


< 
SER 

i 

line 

\ 


7 
{ 


Ha 
fe , 


i 


— 
AT 


* 
* 


rizon, from A to E (becauſe the Plain declines Eaſt- 


ſtile. 


INN I I Ii 


— 


Set 77 28 the Diſtance of the Meridian and Ho- 


ward) and draw ZF the Hour-Line of 12; then {ct 
9? oo from F to G, and draw 26 the Sub- ſtile; and 
ſet 13" 34/ from G to I, and draw Zl the Stile; then 


ſet the Den- Diſtances both ways from the Sub- Ax 

5 To 

If the Plain 1 ſo that the pole ſhall have but So 
ſmall Elevation above the Plain, it will be the beſt 

way to draw it without a Center. To 

Suppoſe a- Plain declines 35 deg. Eaſtward, and j 

Ol 


reclines from the Zenith 30? 000. 
Firſt, find the Requilites, as inthe laſt Example 


As 
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As Rad. to s. ZH 30* 00”, the Reclinat: 9.69897 
So t. of HZO 35* oo, the Declinat. 8 $4523 


— 


| Tot, of HO 198 18, „ 9.34420 


Whoſe Complement 70 42 l is the Arch BO, the 
Diſtance of the Meridian from the Horizon. 


Secondly, For the height of the Stile, . 
But firſt find 20, thus. 


As 8. HZO 35 oo”, the Declinat. | 9.75859 


To s. HO 191180 9.5 1919 
So is Radius 10. 
10s ef OZ 35 117 - ; CE, E 9.76060 


Subtract 35 11“ from 3857 287 and there remains 
3 21's then, 


4s 8. OZ 35" 2.x | 0.43940 

To s. ZH 30 oo | 9.69897 

So s. OP 3 21 | 8.76667 

To s. PR 2 54, the Stile's height 8.70504 

Thirdly, For the Deflection OR. 

As cs. PR 25 54 | 9.999443 

To Radius c 10. 

So cs. PO 321 9.999257 
To cs. OR 1? 4%, the Deflection 9. 999814 


For the Plain's Difference of Longitude OPR, 
N 1 N N As 
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reer "dt 7 e 1 0067s 
To Radius r 


So s. RO 1 4 


3 ol, 


To s. OR 30 17/ the Plain* * ole 1 
Longitude „ 9.701310 


Having found the Requiſtes, we bal Proceed to 
draw the Dial. Z 
And Firſt, Draw AB parallel to the Horizon, 
and upon Z deſeribe the ps AD. Set 70? 427, the 
Diſtance of the Meridian from the Horizon, from A 
to D, and draw ZD for the Meridian of the Plain; 
and ſet 1? 41/, the Diſtance of the Sub- tile from the 
eridian, from D to E, and draw 2 E the Sub- ſtile; 
hen ſet 2 25 54, The. Stile's height, from E to F, and 


draw ZF the stile; "OA it as is even in the 1 
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The third Variety, of South declining reclining 
Plains: The Plain paſſing between the Pole 
and tne Horizon. 5 


8 By Projeckion. foun 

We will ſuppoſe a South Plain to decline from the 8 
South Weſtward 35" oo', and reclining from the r1z01 
Zenith 539 300. = the 8 
9 „ 20 
Firſt, Draw a Right- line AB for the Baſe of the 4 
Plain, and croſs it with another Line CD, at Right- N 
angles in Z, for the Vertical Line of the Plain. 80 
Second}y, Upon 2 deſcribe a Circle, and upon the To 


Periphery thereof fet 35* oo', the Declination from C 

to N, and draw the Line NZS for the Meridian of 

the Place, projecting the Sphere within the Circle. Meri 

Thirdly, Take 53 30“, the Reclination, from the oY 
| Scale of half Tangents, and ſet from Z to E, and ſet 


the Complement thereof from Z to Q the Pole of the 2 
Plain; and the Secant Complement of Reclination : 

ſet from F downward, will give the Center of the * 
Circle of the Plain, which draw thro the three 5 


Points A, F, and 8. | 
Fourthly, Thro P the Pole of the World, and Q gain 
| the Pole of the Plain, draw the Arch of the great 


| Circle RPQ, and find the Requilites, viz. 2M | 
| 1. The Diſt. of the Merid. from] ; OB To 
the Horizon, | 5 
2. The height of the Pole or | Th 
Stile above the Plain, Qrepreſent- RP OP 20 
3. The Diſt. of the Sub-ſtile 5 ed by I | Perpe 
from the Meridian, diane = pro po 
4. The Plain's Diff. of Longitude | + fg 
RPO, or 1 * Q. 
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All which may be found by the Projection, by 
Prob. 75 8. Chap. 10. 


2. By Trigonometrical Calculation. 


The Triangles wherein the Requiſites are to be 
found, are the Triangles OFZ, ROP, and ONB. 


1. For the Diſtance of the Meridian from the Ho- 
rizon BO. In the Triangle OFZ, you have given 
the Side FZ, the Reclination 5330, and the Angle 
FZO, the Plain's Declination; to find FO. 


As Rad. to s. FZ 53 30', the Reclinat. 9.90518 
So t. of FZ O 35? oo', the Declination 9.84523 


To t. FO 295 22 Len 7 9.75041 
Whoſe Compl. 60? 38“ is BO, the Diſtance of the 
Meridian from the Horizon. Hos 


2. For the height of the Pole above the Plain PR. 


This ſhould be found in the Triangle ROP, but 
there is not enough given; wherefore in the Tri- 
angle ON B, you muſt ſeek the Side NO, thereby to 
gain the Side OP. Thus, ) „ 


As Rad. to the Sine of BO 600 3 9.94027 
So s. of NBO 36" 30', the Compl. of Reclin. 9. 77439 


— 


Jo s. of NO 3113 9.71466 


This NO 31% 13/ taken out of NP 51? 32“, leaves 
OP 20% 19%. And then becauſe the Hypothenuſes and 
Perpendiculars of the Triangles ONB and RPO are 
proportional, it will be, N 


As 
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As s. of BO 60 38“ Hypoth. 2 in Triang. So. o 
To s. of NB 55 oO — NOB. * re: 444 , 
So s. of PO 20 19 Hypoth. * Triang. 92 540931 8 
Tos. of RP 19 04 Perpend. 8 ROP. 9.5 14028 
| : 1 
| 3, For the Diſtance of the Sub-ſtile from the Me. 1 
ridian RO. 8 A 
| Ws find 
As the cs. of RP 19 04/ | 9.975496 Colo 
To Radius 10. = 
So cs. PO 20197 ; 9.972105 
Io cs. RO 7 og), the Deflection 9.996609 


4+ For the Plain's Diff. of Longitude RPO. 


To Radius IO, 
So s. RO 7og 9.09506 
To s. RPO 21 O0, the Plain's Diff. of? 4 
_ Longitude, | ” 8 9.5744 


This 21“ oo' is but one Hour and 6“ oo“ of the 
EquinoQial over, which ſhews that the Sub- ſtile 
(becauſe the Plain declines Weſtward) will fall be- 
tween the Hours of 1 and 2; wherefore in the Table 
between the Hours of 1 and 2 write Sab-ſtile, and 
under it againſt 11 and 1 write 6 deg. in the ſecond 
Column; and ſubtract 6 deg. from 15 deg. and there 
remains 9 deg. ſo write 9 deg. above Sub-ſtile in the 
ſecond Column; then by a continual addition of 
15 deg. you will bave the reſt of the Numbers ia the 

ſecond Columa of the Table. | 
| Then for the Hour-Diſtances upon the Plain, they 
are found by the uſual Canon, viz, | 


3 „ 
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As Radius to the s. of RP r9* od, the 
Stile's height, ? 8 9. 514028 


So | is t. 600), the Angle at the Pole 9.02 1620 


Tot. of 1 387, the Diſt. of the Hour 1, 8. 535648 


And by repeating the ſame Proportion, you will 
find the reſt of the Hour-Diſtances in the ſecond 
Column of the Table. | 


Latitude VVV 
Declination "<4: OY 
Reclination 53 30: 
Diſt. Mer. and Hor. 50 38 
_ {Stile*s height | 19 04 
Deflection 07 og] , 
Diff. of f Longitude _ 1 22 
Hours from Angles at Hour - Pit. 
Noon. the Pole. | tances. 
Br ag do. ee 
6 4.08 . -08& | 40 23 
2 „ 100: }-24 I2 
8... 4: 39; 00] .14-:; ant 
„ $4 6: 007 $8 
10: 309 00+] X-- 
The Sub- tile. 
| II 0 £0011 58 | 
ö 1 21 OO y O9 
1 IT | 36 CO | 13 21 
; „ NM d 58 
13 9 | 66 OO | 36 16 
4 $ | 8x OO | 64. 08 | ; 
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—— Is 
Set 60%. 38, the Diſtance of the Meridian and 
Horizon, from B to E, and there draw the Hour- 
Line 12 ; and ſet 5* 9', the Diſtance of the Sub-ſtile 
from the Meridian, from E to F, and draw ZF the 
Sub-ſtile ; and ſet 19* 04), the Stile's height, from 
F to G, and draw ZG the Stile: Then ſet the 
Hour-Diſtances from F the Sub-ſtile, and draw the 
Hour-Lines, and finiſh the Dial, | 
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As Lare were three Varieties of South ceiling 
Plains which decline, ſo are there as many in North 


nation may be fitted, that the lain ſhall paſs by the 
laterſection of the Meridian with the Equinoctial 
Circle, Or the Reclination may be ſuch, that the 
plain ſhall paſs between the Zenith and the Equinoc- 
tial. 


| the EquinoQial and wu Horizon. 


ET 4 7: 


The 6.3 5 ariety: of A 5v e reclining 
Plains, the Plain paſſing thro the uterſection 


of the Meridjes with the Equinattigh, 


:Th By the Projeftion., h 
Our firſt Example ſhall be of a North Plain de- 


dining Eaſtward 55 deg. and —_ from the 


Zenith 35 500 


Firſt, Draw a Line AB, bent the Baſe of 
your reclining Plain, and another at Right-angles 
thereto, as CD, the Vertical Line of the Plain, 
croſſing each other in Z. Upon Z deſcribe a Circle, 
and upon the Periphery thereof ſer 55? O0, the Platu's 
Declination from C to N Eaſtward, becauſe the Plain 
declines Eaſtward; draw the Line NS the Meridian 
of the Place, and finiſh the Proj 3Qion. 


og 


it - may... recline ſo, that the Plain ſhall. 


* LOH 


Decliners reclining; for to any Declination a Recli- 


Secondly, 18 


2 * 2 T P * 6 
3 WC 2 * 
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be the Subſtilar-Line of the Dial. 9285 


The Requiſites belonging to this Plain are Four, 
VIZ. | 


1. The Diſtance of the Sub- ſtile from the Meti- 
dian, B. | 
2. The height of the Stile above the Plain, PR. 
E | 3. The Diſtance of the Sub-ſtile from the Meri- 
| dian, AR. 1 l 
4. The Plain's Difference of Longitude, QP. 


| All theſe may be found by the projection, or 


— „ 
SU — CRE. > — — — 


2. By Trigonometrical Calculation. 


| | 1. For the Diſtance of the Meridian from the Ho- 
| Ila the Triangle ZGA, right-angled at G, there 
is * 28 35 50', the Reclination, and the Angle 

EZ& 55 oo, the Declination; to find EG, thus. A 


Chap. 8. 


D Dialling. 
Latitude . 
Declination N. 55 oo 
Reclination 35 50 
Diſt. Mer. and Hor. 50 06 

He's height 43 23 
Deflection 908 oo 
Diff. of Longitude 90 00 
Hours > Angles at | Hour-Diſt. 
Noon. the Pole. | from 6. 
1 00” oo oo co 
15 00 | In 20 
| 30 oo | 23 
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As Rad. to s. of ZG 35 50', the Recliy 9:767475 


So t. of EZG 55? oo', Declination 10.154073 
| To t. of AG 395 54 | 9.922248 


Whoſe Complement 50? o6' is the Diſtance of the 
Meridian from the Horizon. 


2. For the height of the Pole above hv Plain, PR. 
In the . Triangle PER. 


FA s. of XG 39? 54 | 9.807163 
To Radius AR 10. 
So t. of ZG 35? 500 9.858602 


| ts 


To. t. of PR 48* 23', the Stile's height 10.051439 | 


The other two Requiſit ites, the Diſtance of the Sub- 
ſtile from the Meredian RA, and the Plain's Diffe- 
rence of Lopgitude QE, or: APR, They are each 
90 deg. as is evident in the Projection. 

And for the Hour-Diſtances, they are calculated as 


for an Horizontal Plain, by the Warp. Analogy. 
Thus, 


As Rad, to s. of PR 48S" 23/, the Stile's WW 

— height, 8 9.87367 
; 80 t. of the Angle at the Pole 15" oo” 9.42 805 | 

Tot. of the Hour-Diſtance 11® 200 9. 30172 


Which is the Diſtance of the Hours 5 and 7 from 
the Suh-ſtile 6. | 


To draw the W 


e . 3 e d N eF# 


Firſt, Set 50 o/ the 
Diſtance of 2 Meridian from the Horizon : from B 
— x 


tion 
ridiar 
tude 

Then 
Recli 
the C 
the 8 
Cente 
Pole 

draw 
Requ 


I, 
2, 
| 


eee n 7 


to K, and there draw (from Z thro K) the Hour 
12; then ſet 90 deg. from K to L, and draw the 
Hour-Line of 6, (which is alſo the Sub- ſtile.) And 
from L ſet off the Hour - Diſtances, and draw the reſt 
of the Hour-Lines: Then ſet 487823“, the Stile's 
height, from L to O, and draw ZO the Stile, and it 
is finiſhed. | | 


The ſecond V ariety : Of North declining reclining 
Plains, the Plain paſſing between the Zenith 
and the Equinoctial. | * 


Let an Example be of a North Plain declining 
Weſtward 55˙ oo', and reclining from the Zenith 
20 30"; 5 | 


Firſt, Draw a Right-line AB, for the Baſe or Ho- 
rizontal Line of your reclining Plain, and at Right- 
angles thereanto another, CD, for the Vertical Line 
of the Plain, croſſing in Z. Upon Z deſcribe a Circle, 
and upon it from C to N, ſet the Plain's Declina- 
tion 55 deg.. oo min. draw the Line NS for the Me- 
ridian of the Place, and the Complement of Lati- 
tude from Z to P, and the Latitude from Z to E: 
Then ſet the half Tangent of 20 deg. 30 min. the 
Reclination from Z to H, and the half Tangent of 
the Complement from Z to Q the Pole of the Plain z 
the Secant Complement ſet from H, will fiad the 
Center to draw the Plain AHB. Thea throP the 
Pole of the World, and Q the Pole of the Plain, 
draw the Arch of a great Circle; and find the four 
Requiſites, viz. "Ss 


t. The Diſtance of the Meridian from the Hori- 
zon, A0. | : 
2. The height of the Pole or Stile above the 


Plain, PR. 
= „„ 3. The 
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8. The Diſtance of the Sub-ſtile from the Meri. 

dian, RO. 5 TEE”, 
4. The Plain's Difference of Longitude, OPR. 


All which are found by the ProjeQion, or 
2. By Trigonometrical Calculation, thus. 


1. For the Diſtance of the Meridian and Hori. 
20n, AO. e 


In the right-angled ſpherical Triangle Z Ho, ripht- 

angled at E, there is given the Side ZH 20 deg. 30 

min. and the Angle HZO 55 deg. oo min. the De- 
clination; to find the Side AO. 


As Rad. to s. ZH 20% 300, the Reclinat. 9.5443 
So t. of HZO 55" oO, the Declination 10.1547 


To t. of HO 260 34 | | 9.69909 


Whoſe Complement 63 deg. 26 min. is the Diſ- 
tance of the Meridian from the Horizon, AO. 


2. For the height of the Pole above the Plain, PR. 


This muſt be found in the Triangle PRO, in which 
| there is not yet enough given; wherefore you muſt 
| get the Side PO, thus. e 


As s. of HZO 55 oo the Declination 991335 
Tos. of HO 2634 9.65054 
So is Radius „ pos 


Tos. ZO 33˙ os! 1 9.73718 


4 * 
| . . 0 LI ; , 
| To 
Il | | 7 49 
F 3 D . 


I 
ridian, 


ra Finke. 
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To ZO 33 deg. o5 min. add ZP 38 deg. 28 min. 
the Sum will be 71 deg. 33 min. ſo have you the 
whole Side PO. : ; i : 
Now the two Triangles HOZ, and ROP being 
| proportional, the Side PR may be thus found. 


As s. of OZ 33% 05/ — in Triang. eee 
To s. of HZ 20 30 Perpend. 8s HOZ 9.54433 
80 s. of OP 71 33 eee in Triang. 5 9.97% 8 
To s. of PR 37 29 Perpend. 5s PRO & 9.78423 


Which 37 deg. 29 min. is the height of the Pole 
above the Plain. N 


3. For the Diſtance of the Sub- ſtile from the Me- 
ridian, RO. 


As t. of ZH 20* 300 OWN * Lon. e 
HZO 


To s. of HO 26 34 Baſe 5 9.65054. 
So t. of PR 37 29 Perpen. is Triang. c 9.88472 
Tos, of RO66 32 Baſe S PRO egg 


Which 66 deg. 32 min. is the DefleQion, or Sub- 
ſtile's Diſtance from the Meridian. | 


4. For the Plain's Difference of Longitude, OPR. 


As s. PO 7103 3 9.97708 
To Radius 10. 
So s. RO 66320 


9.96252 
To s. of OPR 75” 15/ the Diff. of Long. 9.98 544 


The Plain's Difference of Longitude being 75 deg. 
15 min. which is 5 Hours, there remains o deg, 
15 min. wherefore the Sub-ſtile falls between the 


Gg-4 - =" 
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fifth and ſixth Hours from the Meridian; and under 
Sub- ſtile in the ſecond Column of the Table write 
0 deg. 15 min. and ſobtract o deg. 15 min from 15 
_ and there remains 14 deg. 45 min. which write 
above the Sub- ſtite3 then by a continual addition of 
13 deg, you will have all the Angles at the Pole, a; 
in — ſecond Column of the Table. Then to find 
the true Hour-Diſtances, uſe the general Analogy. 


As Rad. to 8. of 37 29 the Stile's s height - 9.78429 
So is t. of 0 io the Angle at the Pole 7.63982 


— ——— 


n 


To t. of the Hour- Diſtance 5 095 0 
And fo of all te ret. 

. T9 1 yy ; l 4 
ODS Gerdladtion Cad. 55 0G 
eclibatrion | 20 30 

Bit. of the Mer. aud Hor. 6863 28 

| [Scile*s height % "$529 
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„and draw ZH for the Stil 


the Hour-Diſtances from G the Sub- ſt 


from F to G 


Sub- ſtile; and ſet 37 de 


from G to H 


from A to F, and ſet 66 de 


) 


(the Deflection) 


Ruler from Z to each of thoſe Points, 


Hour-Lines. 


and Horizon 


The third Variety of North 3 
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0 
I'S 


Plains, where the Plain paſſeth between the 
Eguinoctial and the Horizon, s 


Suppoſe a North Plain declines 43 deg. 15 min. 
Weſtward, and reclines 49. deg. 20 min. from the 


Zenith, in the Latitude 53 deg. oo min, | 


Firſt, Draw a Right-Line AB for the Horizontal 
Line, or Baſe of the declining reclining Plain, and 
croſs it at Right-angles in Z with CD, he the Ver- 
tical Line of the Plain, Upon Z deſcribe a Circle, 


and ſet the Declination from C to N, and draw Ns, 


the Meridian of the Place; from Z ſet 38 deg. 28 min. 


to P, and 51 deg. 32 min. to E, and finiſh the pro- 
2. | Un. Shen a = 


Secondly, Set the half Tangent of 49 deg. 20 min, 


the Reclination, from Z to F, and the half Tangent 

of its Complement from Z to Q,the Pole of the Plain; 
ſet the Secant Complement of Reclination from F up- 
wards in the Line CD, which will gire the Center 


of the Plain, which draw thro the Points AEB. 


Thirdly, thro P the Pole of the World, and 
the Pole of the Plain, draw the Arch of a great 


Circle; then find the Requilites,*viz. 


1. The Diſtance of the Meridian from the Hori- 2 


20n, AQ. do | | 

2. The height of the Pole or Stile above the 
Plain, PR. 8 

3. The Deflection, or Sub: ſtile's Diſtance from 


the Meridian, OR. 
4. The Plain's Difference of Longitude, OPR. 


All which may be found from the Projection, or 


—— 


reclining 


2 | 2 By | 


chap B. Of Dialing. © 459 
28. By Trigonomdtrical Calculation: 


All the Requiſites will be found in the two ſphe- 
rical Triangles ZFO, and RX. 125 


1. for the Diſtance of the Meridian from the Hos 
rizon, AO. 


In the Triangle ZEO is given ZF 49 deg. 20 min; 
the Reclination, and the Angle OZF the Declina- 
tion; to find OF, thus. 7 


As Rad. to g. of ZF 4% 20 the Reclinat. 9.879963 
So t. of OZ E the Declination 43 15/7 9.973454. 


To t. of OF 33 31 . 9.853417 


Whoſe Complement 54 deg. 29 min. is the Diſ- 

_ tance of the Meridian from the Horizon. 

21. For the beight of the Pole, | or Stile above the 
Pligg BW TC os 


In the Triangle XPR there is not yet enough given; 
therefore, firſt ind ZO in the Triangle OZF. 


As s. OZ E 43˙ 1 5 the Declination 9.83581 
Tos. OF 35" 317 S 9.76413 

So Radius 10. 
Tos.ZO 3% % . 8.52832 


To this 57 deg. 59. min. add ZP 37 deg. oo min. 
the Complement of the Latitude, the Sum is PO 
94 deg. 59 min, whoſe Complement to 180 deg. is 
PX 8y deg. oi min, LESS 


Then 


460 


Then in the two N Trlangke zr, 
and PXR. . EF WS 


As s. OZ 57 ph peng in ds 0.07168 
Tos. ZF 49 20 Perpend. 104 1 9.87996 


So s. PX 85 ol Hypoth. 3 = 99836 


Io s. PR-63 02 Ferpend. 


9. ee 


80 the height of the Pole abore the Plain is 63 eg 
©2 min. 


3. For the Danes of the ene fem 8 
Meridian OR. 


1 - L.A —_ 


In the two e OZF, and PXR, it will be, 


As t. of ZF-49* Do o, the. Reclination 9.934056 


- Tos.of FO 35 © 9:364131 
So t. of PR 63 4 the $tile's height 10. 293459 


"To s. of RX 78 48 the Sub-ſtile „ Diſt. 
from the N. Meridian | i 9. "991 640 


\ "Whoſe Complement to > if di is OR, the be- 


flection ſought. 
7 For the Plain's 'Dillirence of Longitude, OPR. 


"Rs fo PR 63* 02/, the Stile's height 9. 95000 
Tot. RX 78% 487 the Sub- ſtile's Diſt. 
from the Meridian 10. "3 32 
r „ 10. 
4 [ 28 --7 — — | 
To t. of RPX 89? ge”: 7} Sed y 10. 75332 


RPX 80 deg. oo min. is the Angle counted from | 


the North, therefore the Angle OPR is the Com- 


plement 


Of Dialling. + = I 


| TAL - 7 | | . 75 a 5 * A | 4 1 
Chap. 8. Dinger. 
plement to 180 deg. and is 100 deg. oo min. the 
Plain's Differeace of Longitude reckoned from the 
South. OT ew i as ” 
The next thing to be done is to find the Hour- 

' Diſtances; the Difference of Longitude 80 deg. oo 
min, is 5 Hours and 5 deg. over, reckoned from the 
North Meridian; ſo the Sub-ftile muſt ſtand between 
the Hours of 6 and 7 in the Evening, and the Angles 
at the Pole and Hour-Diſtances will be as in the Ta- 


ble below. 
Latitude 5 53* oof] 
Declination 43 15 
]Reclination 49 20 
Diſt. Merid. and Hor. 54 29 
Stile's Height "263 O14 
Deflection „ 
Diff. of Longitude 80 oof 
Hours from| Angles at J Hour- Dit- 
Noon. the Pole. | tances. 
— — — —1 
12 „„ 
11 1 | 65 OO | 62 23-3 
10 2 | 50 co. | 46 43 |} 
9 3] 35 „„ 
18 44-20. - è 45-8 
| 5 | 95 00 5 4 20 þ 
4 The Sub tile. 
6 10 8 56 
3 7125 % % 84 
4 8 | 40 o00| 36 484 
3 9 „ of 4 
| 3 10 | 70 00 | 67 47 
| 1 11 1122 $4 7: dee 
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Set 3 29 from B to G, ſo is G the North part 
of the Meridian; and from G to I ſet 78 deg. 48 
min. the Diſtance of the Sub-ſtile from the Meridian, 
and draw ZI the Sub-ſtile ; and ſer 63 deg, 02 min. 
w* Stile's height, from I to K, and draw ZK the 
e. | 
Then ſet off the Hour-Diſtances from the Sub- ſtile; 
all that are above Sub-ſtile in the Table, ſet upwards 
towards the North part of the Meridian. 


— 


ERecliners op 


- Of Dial Plains, and how one Dial 
 _ ced fram another, a North from 2 South, ax 


— 


may be deda- 


Eaſt from 4 Weſt, 4 North Decliner from 4 
South Decliner; and all inclining Dials from 
ſite to them. ATA] 


- 


3 1 4 + XZ 7 : , 
i L — a i 1 
4 5 8 n 


As there were ſix Varieties of dire& reclining 
Plains, and as many Recliners which do alſo decline; 
ſo there are as many of both forts which do incline, 


and incline: and decline alſo. To give particular 


Examples of all: thoſe will be needleſs; if we conſi- 


der, that when we have drawn a Dial for any Plain, 


we have alſo drawn one for the oppoſite Plain; if 
the Hour-Lines, Stile, and Sub-ſtile, be drawn thro 
the Center: As for Example, having drawn a North 
_ declining reclining Dial, if we draw the Hour-Lines, 
Stile, and Sub-ſtile, thro the Center, we have a South 
_ declining inclining Dial, whoſe Declination is the 
ſame but towards the contrary Coaſt; that is, if 
one decline from the North Weſtward, then the 


other ſhall decline from the South Eaſtward, and 
the Inclination of this be equal to the Reclination of 
that. But the contrary Pole will be elevated; fo 


that if the Stile of the North Recliner point up- 


wards to the North Pole, the oppoſite South Inclioer 
will point downwards towards the South Pole. And 
if any declining Dial be drawn upon Paper, and 
prick'd thro, and the Hour-Lines, Stile, and Sub- 
ſtile drawn upon the back-ſide of the Paper, it will 

then be made for the ſame Declination, but for the 
contrary Coaſt; that is, if it declin'd from the 


South Weſtward, it will now decline from the 


South ſo much Eaſtward ; and the ſame of declining 


_ reclining Dials : ſo that in making of one Dial, we 


have made four. 505 
CH Af. 


„ Of eee, Part 


O Inſtrumenta / Dialling. © 


VH O this Chapter may ſeem foreign to my 
Deſign, yet foraſmuch as inſtrumental Diallin 

is not very well explain'd in our Engliſh Authors, (as 
far as 1 have ſeen) eſpecially the referring of reclining 
Plains that decline to a new Latitude, and new De- 
clination z (Mr, Leybaurn in his Folio of Dialling, in 
the 4th and 6th Chapters of the third Tractate, has 
given us Rules, but falſe printed, to find the new 
Latitude and new Declination of ſuch Plains, thereby 
to find where they will be upright Plains; but men- 
tions nothing of the Demonſtration, ſo that he leaves 


us wholly in the dark for finding the Reaſon of thoſe 


Rules, neither have I ſeen it in any other Author: 
I therefore perſuade my ſelf ſuch a Demonſtration will 
be acceptable to an Engliſh Reader, which is what in- 
duced me to write this Chapter. . 


There are ſeveral laſtruments contriv'd by ſeve- 


ral Authors for this purpoſe; but the Inſtrument [ 
' ſhall make uſe of ſhall be the Scale of ſix Hours, and 
a Scale of Latitudes agreeable thereunto, ſuch as are 
placed upon Collins's Quadrants, 

The Line of Hours is no other but a double Tan- 
gent of 45 deg. that is, 45 deg. ſet both ways from 
the middle of the Line. The Line of Latitudes be- 
ing made equal to Radius, or 60 deg. the whole Line 
of Hours will be 90 deg. „ 

The Line of Latitudes is graduated thus. | 

As Radius to the Chord of go deg. ſo are the 
Tangents of the reſpe&ive Degrees to the Tangents 
of other Arches. | 8 253 

Thea the natural Sines of thoſe Arches are the 


Numbers, which taken from a Diagonal Scale of 


Equal P arts, Mall graduate the Diviſions of the Line 
of Latitudes. Exan- 


By | 
culated 


— 


I 
> 


* 
— 


o Ga owe 
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| Example. Let us calculate for the Diviſion of 10 
Degrees. N | FE | 


To the Sine of 45 deg. 9.84948 

Add the Log, of 2 _ 0.30103 
The Sum is the Chord of 0 10.1 505 
As Rad. to the Chord of go*. _ 10.1 5051 
So is the t. of 10 deg. | 9.24632 
To t. of 13* 35 Ge 0 9.3 9683 


The natural Sine againſt it is 2419. 


By the ſame Method is the following Table cal- 
culated, | 5 85 | 


4 Table for dividing the Scale of 5 
| Latitude. | 


1| 247] [1713969 Tao[B5r9] 155] 9496 

2 | 493 18 4176] gol8600] J66] 9539 

3| 739] [194378] 5118678] 167] 9578 

4| 984] [20.4577 5218753] 65] 9615 
5 5318825 [69] 9651 

6 5413895] [79] 9685 | 
7 5518962] [72] 9745 | 
8 5619026] [74] 9801 | 
| 9 1 86 57 9088 9825 
11 2 e e 

1 03 | 
I2 150{9258 9924 
13 119311 85 9982 
14 e 90 Hf 
15 732408 ' 
16 54 94541 z 
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How to draw Hour-Lines upon an Horizontal 
e So gel 


Firſt, Draw the Line CD, for the Hour-Line of 


6, then from your Scale of Latitudes take 51 deg. 
32 mig. (the Latitude of the Place) and ſet that 


Diſtance from the Center A both ways to C and D; 
then take in your Compaſſes the whole length of the 
Line of Hours, and ſet one foot in C, ſtrike the 
Arch 44, then remove the Compaſs point to D, 
and with the other ſtrike the Arch bb, and draw the 
Line AB for the Meridian, or Hour-Line of 12, 
and draw the Lines CB, and DB. Then fromthe 
| Hour-Scale take the fitſt Hour-Diſtance in your 
Compaſſes, and ſet one foot in B, and with the other 
make marks at 1 and 11, and the Game will reach 
from D to 7, and from Cto 5; then take two Hours 
in your Compaſſes, and ſet from B to 2 and 10; 
and from C to 4, and from D to 8: then take three 
Hours from your Hour-Scale, and ſet from B to 9, 
and 3: Lay a Role to the Center A, and to each of 

CB and DB, and draw the 


the Points in the Lines 
Hour-Lines, | 


Norte, That the Hour-Lines 4 and 5, and 7 and 
8, muſt be drawn thro N F 
With 60 deg. of Chords deſcribe the Arch: 
and upon that, from E to E, ſet the Stile's beight 
51 deg. 32 min. and draw the Stile A . 


* 


The erect direct South Dial is drawn after tbe 


% 


ſame manner, only you muſt ſet the Complement of 


Latitude from Ao C and D; and the Stile's height 
muſt be equal to the Complement of the Latitude 
alſo. : 2 ; x | 3 . me ——— 6. g nn 


J 


ccibe the Arch Ex, 
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468 0% Dialling, Part ll. 
By this one general way of working, you may 
make any direct North or South reclining, or in- 
clining Dial; for if you find the height of the Stile 
by Sec. 7 and 8. and take that from the Line of La- 
titudes, and ſet from the Center both ways to C and 
D, the reſt of the Work will be the ſame. But if 
a South" Plain reclines equal to the Complement of 
the Latitude, or if a North Plain reclines equal to 
the Latitude, then is the one an Equinoctial Plain, 
and the other a Polar, and muſt be drawn by the 
Direction given in the aforeſaid Sections. 


8 E C T.“ II. 


How to make an apright South or North Dial, 
Aieclining Eaſt or Weſt. 


We will take the ſame Example as in Se. 4. of the 
laſt Chap. of a South Plain declining Weſtward 30 
deg. tn the Latitude 51 deg- 32 min. ” 


Firſt,” You muſt find the Requiſites, as is tavght 
in the 4th Se#ion of the laſt Chapter; but more rea- 
dily by Scales for that purpoſe, thus. Take the De- 
cliaation with your Compaſſes from the Line of 
Chords, and apply that extent, firſt to the Line of 
the Stile's height, and you will find it to fall upon 
32 deg. 36 min. and ſo much is the Stile's height: 
and apply the ſame extent to the Line of the Diſ- 
tance: of the Sub: ſtile from the Meridian, and you 
will find that to fall upon 21 deg. 40 min. Again, 
apply the fame extent to the Line of the Plain's Dif⸗ 
ference of Longitude, and you will find it to fall 
upon 36 deg." 25 min. 


Having 


— 


Having found the Requiſites; the Difference of 
Longitude being reduced into Time, makes 2 h, 25 
min. 2, which is 34 4 min. ſhort of 3 hours: which 
noun that the Sub-ſtile falls between the hours of 
2 r aria 5 
Being thus far prepared, draw an Horizontal 
Line CD, and from the Center A draw AB at Rigbt- 
angles, for the Meridian or Hour-Lige of 12. Then 
with 60 deg. of Chords, upon A deſcerihe the Arch 
EG, and upon it ſet 21 deg, 40 min. the Hiſtance of 
the Sub- ſtile from the Meridian, from E to F, always 
to the fide that is contrary to the Plain's Declina- 
tion; that is, if the Plain declines Weſt ward (as in 
this Example) ſet off the Sub- ſtile on the Eaſt. ſide 
of the Meridian, and if the Declination be Eaſt ward, 
ſet it upon the Weſt. ſide: then from F ſet the 
Stile's height 32 deg. 36 min. to G, and draw AF 
the Sub- ſtile, and AG the Stile. 5 
Then thro the Center A, draw the Line Hl, at 
Right-angles to the Sub-ſtile; and take 32 deg.. 
36 min. the Stile's height, out of the Line of Lati - 
tudes, and ſet it from A both ways to H and I; 
then take in your Compaſſes the whple Line of Hours, 
and ſet one foot in H, with the other ſtrike the 
Arch cc, and remove it to I, and ſtrike the Arch dd; 


. 
2 * 


and draw the Lines HB, and IB: tben from the 
Hour - Scale take 25 3 min. and ſet from B to 2, (op- 
on the Line HB) again, take 1. hour 25 + min. and 
ſet from B to 1, ang take 2 honts 25 min. and ſet 
from B to 12, and ſe et 3 b. 25 min. 32 4 h. 25 min. 
7) 5h. 25 min. , and 8 h. 2 min. 3, fram B to 1, 
10, 9, and 8; then take 34 7 min. from the Scale 
of Hours, and ſet on the other ſide of the Sub- ſtile 
from B to 3, and take 1 h. 34 min. 5, and ſet from 

B to 4; and take 2 h. 34 min. , 3 h. 34 min. 3, and 
4h. 34 min. Z, and ſet from B to 5, 6, and 7; and 
lay a Ruler to the Center A, and to each of thoſe 
Points, and draw the Hour-Lines. 
Hz © Note, 
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Chap. p. Of Das. 4 


nen 
How to draw Hour-Lines upon Eaſt and Weſt- 
| Recliners. 


The beſt way is to reduce theſe Plains to a new 
Latitude, and new Declination, where they may 
be upright Plains. 355 
The new Latitude of al} reclining Plains, is an 
Arch of the Meridian of the Place contained be- 
tween the Equinoctial and the reclining Plain. Now 
theſe Eaſt and Weſt Recliners cut the Meridian juſt 
in the Horizon, fo the Diſtance of the Horizon and 
Equinoctial (SZ in the Figure of the Eaſt Recliner, 
Sect. 6. of the laſt Chap.) is the new Latitude, which 
is equal to the Complement of the old Latitude, or 
Latitude of the Place given. _ ho. 4 

The new Declination of all reclining Plains, is an 
Arch of a Citcle contained between the BO of the 
reclining Plain, and the Meridian of the Place, and 
cutteth the Meridian at Right-angles ; which in the 
Eaſt Recliner, Sect. 6. is repreſented by ZQ; which 
is equal to the Complement of ZO the Reclinatioh. 

So if you make a declining Dial by the Dire&ions 
of the laſt Section, for the new Latitude, and to the 
new Declination; ſuch a Dial will fit the Eaſt or 
Weſt reclining Plain, only you muſt always remem- 
ber to place the Hour-Line of 12 parallel to the 
Horizon in all thoſe Plains. EO 


Example. Let it be required to draw Hour-Lines 
upon a Weſt Plain reclining 35 deg. in the Latitude 
51 deg. 32 min. En 8 8 
The new Latitude will be 38 deg. 28 min. and the 
new Declination will be 55 deg. for which make a 
declining Dial, as is directed ia the laſt Secbion. 


Hh 4 The 


ls. _ Of:Dilig Pare ll. 


The height of the Stile is found to be 264. 


The DefleQtion 45 53 
Difference of Longitude = 66 29 
WW 
"CG // | 
T1 . 8 
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SECT. IV. 
Haw to draw Hour-Lines upon declining reclining 
Plains; and firſt of South Recliners. 


The beſt way is to refer theſe Plains to a new La- 
titude, and new Declination, where they may be up- 
right Plains, LOND PE, ? 


Chap. 9. Of Dial. 453 


© Suppoſe a Plain in the Latitude 51 deg. 32 min. 


ſhould decline from the South Eaſt-ward 35 deg. and 
recline from the Zenith 18 deg. 30 min. It is re- 


quired to find in what Latitude it ſhall be an upright 
Plain, and what Declination it ſhall have in that new 
Latitude. | 


As Rad. to cs. of Declinat. BS 55 00 = 9.91336 
So ct. of Reclination SBO 71* 3 1047548 


Tot, of OS 67* 47 ꝶ 10·38884 


Becauſe OS 67 deg. 47 min. is greater than the. 


Latitude, you muſt ſubtraQ PS 51 deg, 32 min. the 


Latitude from it, and there will remain OP 16 deg. 
15 min. whoſe Complement OZ 73 deg, 45 min. is 


the new Latitude required: for the new Latitude 


(as was ſhewed in the laſt Section) is an Arch of the 
Meridian, contained between the reclining Plain 


ARB, and the Equinoctial, and ſuch is OX. 
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To fad the new Berllnitiens. 


1h the Triangle QZEF, there are given, Z Q 71 dep, 


30 min, the Complement of Reclination, and the 
Angle OZÞ 35 deg. the Declination, to find QF the 


As Rad. tos. ZQ 71* 30% 705 5 9.9709 
80 8. QZF 35 œ 0 | 9.75859 
To s. QF 32 57 A | 9:73555 


The new Declination is an Arch of a Circle cm. 
prehended between the Pole of the reclining Plain, 


and the Meridian; therefore QF 32 deg. $7 min. is 


the new Latitude require. 3 
Again, Suppoſe a South Plain declines 35 deg. 
Eaſt ward, and reclines from the Zenith 53 dep. 30 
min. It is required to find the new Lafit 

new Declination. 


Fiſt, To find the new Latitude. 
In the Triangle RSB, there are given SB 55 deg. 


oo min. the Complement of Declination, and the 


Angle RBS 36 deg. 30 min. to find RS. 


As Rad: to s. of BS 5 5 00, the Comple- 2 + 336 


ment of Declination _ 


So t. of RBS 36 300, the Complement 
of Reclination * F 986921 
To t. of RS31* 14 | s 9.78257 


Becauſe. 3t dep, 13 min. is leſs than the Latitude 
SP 51 deg. 32 min. ſubtract it from the Latitude, 
and there remains 20 deg, 19 min. RP, whoſe Com- 
plement 69 deg, 41 min. is the Diſtance of R (the 


Inter ſection of the Plain and Meridian) from the 


3 Nor- 


ude, and 


3 
1 
J 
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Northern Interſection of the Equinoctial with the 
Meridian, which is the new Latitude required. 


To find the new Declination. 


In the Triangle LZN, there are given LZ 36 dep. 
30 min. the Complement of Reclination, and the 
Angle LZN 35 deg. oo min. the Declination to find 
LN. TIT bn. | - 8 | | 8 


As Rad. to s. of ZL 36* 3o', the Com. 2 
plement of Reelination : 5 9.77439 
So 5. of LZN 35* oo, the Declination 9.75859 


Tos. of LN 19* 57), the new Declina-2 „ , 
tion required 9 8 9.53298 


—: era | — — — 
Of North Recliners declining. 


1. If a North Plain decline Weſtward 55 deg. and 
recline from the Zenith 20 deg. 30 mia: it is re- 
quired to find in what Latitude it will be an upright 
Plain, and what Declination it ſhall have in that new 

Latitude, os : ; | 

In the Triangle AOS, there are given AS the Com- 
plement of Declination, and the Angle SAO the 
Complemeat of Reclination ; to find SO, thus. 


As Rad, to s. of AS 35? oo, the Com- 2 


plement of Declination 8 * 75859 


So t. of SAO 69? 30, the Complement? ,. 
of Reclination 5 | $ en 
To t. of SO 56* 54 10.1 8585 | 


From 
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From which ſubtra& SE 38 deg. 28 min. the 
Complement of the Latitude, and there remains EO 
18 deg. 26 min. the new Latitude required. 


To find the new Declination. - | : 
In the Triangle ZQF, are given ZQ the Comple. 
ment of Reclination, and the Angle QZPF the old 2 
Declination, to find QF the new Declination. e 
28 
wi 
rec 
1 
00 
1 An 
i LV 
Bs Radios 10,00000 
Tos. ZQ 69? 30“ | 9.97159 - = 
Sos, QZF 55* c 9.91335 . 
Tos. QF 50 68.8495 4 
Which 50 deg- os min; is the new Declination | Lati 
required. | | 1 | BW then 


"= 3 that 


Chap. 9. N 07 Dialling. 477 


2. If a Plain declines from the North Welthard 
55 deg. and reclines from the Zenith 50 deg. it is 
required to find the new Lane, and new Decli- 
nation. 


= 


' To find the new Latitude. | 
In the Triangle ARS, there are given AS, the ki 
plement of Declination, and the Angle 'SAR, the 
Complement of Reclination; to find the Side SR. 


As Rad. to 8. of A8 35 O00, the Com- | 
plement of Declination * 9 75855 


of Reclination 


So t. of SAR 40 oo', the Complement? 3 


To t. of SR 25 42 9.6 8249 


|  Subtra& SR 25 deg. 42 min. from SE 38 deg. 


28 min. the Complemeat of the Latitude, and there 


will remain RE 12 deg. 46 min. the new Latitude 


required. 
To find the new Declination. . 

In the Triangle LVZ, there are given ZL 40 dep; 
oo min. the Complement of Reclination, and the 
Angle LZV 55 deg. oo min. the Declination; to find 
LV, the new Declination. 


As Rad. to s. ZL 40˙ oo', the Comple.> 9. 
ment of Reclination 5 9.8080) 
Sos. of LZV 55 000, the old Declinat. 9.91336 


To s. of LV 31⸗ 47 the new Declinat. 9.72143 


Thus have I ſhewed you the Rules to find the new 
Latitude, and new Declination, and demonſtrated 
them by Examples in all the Caſes that can happen; 
only when the Reclination and Declination is ſach 
that the Plain paſſes thro the Pole, and ſo has 90 deg. 

5 new 


, PPP ACS era e SAEED ns nt a 
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new Latitude; or when it ſo reclines and declines 
from the North, as to fall in the Interſe&ion of the 
Meridian and EquinoQtal, and then the new Lati- 
tude is oo deg. Z. 

I ſhall now proceed to ſhew how to find the Re- 
quiſites, and to draw the Dial. 


1. For the Diſtance of the Meridian from the Ho- 
— or 77 rome 
As Rad. to s. of ZR 50* oo', the Recli- Ze 
FK CEN WE MO BKeas 
So t. of RZK 55 00”, the old Declinat. 10. 15477 


—— ꝗ2?e»bp 


To t. of x % 4108003902 


| Whoſe Complement 42 deg. 26 min. is the Angle 
the Meridian makes with the Horizon. 
Ibe other Requiſites are found by the Proportions 
in Se. the 4th, working with the new Latitude and 
new Declination. OS os 


2. For the height of the Pole or Stile above the 


As Rad. to cs. of the new Lat. 125 46“ 0.93913 
So cs. of new Declination 3147 9.92944 


To s. of the Stile's height 56* oo 991857 


3. For the Diſtance of the Sub- ſtile from the Meri- 
dian. | e | 


As Rad, to s. of new Declination 3147 9.72157 
So ct. of the new Latitude 12* 46' 10.4477 


To t. of the Deflection 66 44 10. 366 34 
T 4. For 


a 
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4. For the Plain's Difference of Longitude. 


As cs. of the new Latitude 12* 4& 9.98913 
T f 0 
$0 s. of the Deflection 66˙ 444 9.96316 


* 


Tos, of the Plain's Diff. of Long. 700 2 00 
Wich makes 4 hours 41 min. 4. 


* * ; 
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1 H E Compleat Meaſurer; or, the whole Art 
of Meaſuring: In two Parts. The firſt Part 
teaching Decimal Arithmetick, with the Extrac- 
tion of the Square and Cube Roots. And alſo the 
Multiplication of Feet and Inches, commonly calld 
Croſs-Multiplication. The ſecond Part teaching to 
meaſure all ſorts of Superficies and Solids, by De- 
cimals, by Crofſs- Multiplication, and by Scale and 
Compaſſes. Alſo the Works of the ſeveral Artifi- 
cers relating to Buildingz and the Meaſuring of 
Board and Timber : Shewing the common Errors. 
And ſome Practical Queſtions. The ſecond Edition; 
to which is added, an Appendix, 1. Of Gauging, 
2. Of Land-Meaſuring. Very uſeful for all Tradeſ- 
men, eſpecially Carpenters, Bricklayers, Plaiſterers, 
Painters, Joyners, Glaſiers, Maſons, &c. By Wil- 
liam Hawney, Philomath. Recommended by the Rev. 
Dr. John Harris, F. R. S. e 


